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PREFACE 

The U.S. Fish and Wildlife Service prepared this bibliography to assist 
those interested in the reestablishment and restoration of bottanland hardwood 
forests on previously disturbed sites such as abandoned farm land or surface
mined areas. Ei'll>has is of the bi bl i ography is on the Southeastern United States, 
although entries fran other parts of the country are included whenever the 
authors believed these entries provided useful information. Annotated entries 
focus on applied restoration of bottanland hardwood ecosystems and "how to" 
papers concerning silvicultural practices. 

Recognition of and interest in the importance and potential opportunities 
for the restoration of bottanland hardwood forest ecosystems have increased in 
recent years. Evidence of this includes specific language found in several 
recently enacted laws (e.g., Food Security Act of 1985, Emergency ~tlands 
Resources Act of 1986, ~ter Resource Development Act of 1986). With the 
increased interest in restoring bottanland hardwood forests, this bibliography 
should be both timely and useful to envi rormental planners, managers, and others 
concerned about this valuable natural resource. 

Comments about or requests for this publication should be directed to: 

Information Transfer Specialist 
U.S. Fish and Wildlife Service 
National ~tlands Research Center 
1010 Gause Boulevard 
Slidell, LA 70458 
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INTRODUCTION 

This bibliography~s prepared to assist persons interested in the 
reestabl isltrent of bottanland hardM>od forests on previously disturbed sites, 
such as abandoned fann land or surface-mined areas. For the purpose of the 
bibliography, bottanland hardM>od forests correspond with the "Needle-leaved 
Deciduous" and "Broad-leavedDeciduous" frestwater (Palustrine) forested/let lands 
described in theV\etlands Classification·System used by the U.S. Fish and 
Wildlife Service (Coivardin et al. 1979). These forests occur prirmri lywi thin 
the riverine floodplainsof the Midllest and SoutheasternUnited States. 

The plant -speciescmposi t ion of bottanland hardM>od forests is cmplex and 
varied, and is strongly dependent on the varying degrees of inundation 
(hydroperiod)during the grONing season. Over 100 species of V\Oody plants occur 
in these periodically flooded areas, and all exhibit sore degree of adaptation 
for survival in soi Is Vlklich are inadequately drained and aerated. Camonly 
recognized species-zonat ionpatterns range fran the baldcypress (Taxodiundisti
chum) and ~ter tupelo (Nvssa aauat ica) cannmi ties associated with longer 
periods of flooding, to the I ive oak (Q.Jercus vi rginiana) and loblolly pine 
(Pinus taeda) canruni ties on the highest floodplain areas. Depending upon the 
interact ion of nurerous ecological factors, rmny other plant -speciesassociat ions 

rmy occur (see Eyre 1980; Clark and Benforado 1981). 

Fran the mid-1950's through the mid-1970's, about 6 mi II ion acres of the 
Nation's frestwaterforestedV~etlandsv.ere lost, principallythroughagricultural 
conversions. AI though losses vary geographically, over 8(Jl/o of the original 
forestedV~et lands in the SoutheasternUni ted States have been lost and about 251/o 
of the raTBinderrmy be lost by 1995. In Illinois, about 98>/o of the bottanland 
forests have been lost (Harris et al. 1984; Tiner 1984). 

Pub I ic concern over additional losses of bottanland forests has increased 
in recent years with better a~~~areness of the rmny functions and values of these 
ecosystaTS (e.g., flood control and~ter quality protection, fish and wildlife 
habitat) and the realizationof thermgnitudeof past and continuing losses 
(Greeson et al. 1978;IVIacDonald et al. 1979;Brinson et al. 1981;Conner and Day 
1982; Wlarton et a I. 1982; Sather and Sni th 1984; Tiner 1984; U.S. Congress 
1984). Such changes in attitude have prmptedrmre stringent consideration for 
the protect ion of these ecosystems through various regulatory and pol icy 

rrechanisn; (Federal Register 1977; U.S. Congress 1984, 1986a; Barton 1985). For 
excrrple, Sect ion 906 of the Wlter ResourcesDeveloprentAct of 1986 (Public LctN 
99-662) (U.S. Congress 198Gb) states that future mitigation plans for Federal 
~ter projects should include speci f icplans to ensure that inpacts to bottanland 
hardM>od forests are mitigated in kind, to the extent possible. Also, the 
Counci I on Envi rormmtaiQ.Jal i ty (1985) has stated that "the bottanlandhardM>ods 
in the Southeast are of such illlJOrtance as wildlife habitats, and becaning so 
scarce, that the principle of full, in-kind replacarent should override other 
considerations." 

1 
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VVith increased regulatory emphasis on protection and conservation of 
wetlands, the need for additional information about the technological ability 
to reestablish forested wetlands on disturbed sites has also became more 
apparent. For example, evidence indicates that courts are nowwilling, and may 
prefer in same cases, to use information about the cost of carrying out specific 
vegetation reestablishment efforts in determining a fair assessment of damages 
in COlllensa t ion issues (Anon}41'Dus 1983) . In add i t ion, the I ack of a convincing I y 
demonstrated technology has been, and is expected to continue to be, an important 
consideration in the approval/denial process for various surface-mining 
activities in forested wetlands (U.S. Bureau of Land Management et al. 1983; 
Haynes 1984; Haynes and Crabill 1984). The recent emphasis on wetland 
conservation as presented in the Food Security Act of 1985 (U.S. Congress 1985) 
may provide opportunities for reestablishment of bottanland harcll.wod forests on 
previous I y farmed and f I ood -prone areas regu I a ted by the Farmers Hame 
Administration (Office of Federal Register 1987). 

Strategies for avoiding net losses of bottanland hardwood forests may 
include a preservationapproach (e.g., land-use restrictions, easements, or land 
acquisition), or a compensation approach in which losses are replaced or an 
acceptable substitute provided (U.S. Fish and ~ldl ife Service 1981). This 
bibliography focuses on the compensation approach as it relates to the 
reestablishment of bottanland hardwood forest ecosystems on disturbed sites. 
Opportunities for such reestablishment occur when the initial loss or 
modificationof the forest camunity is not permanent and reestablishmentmethods 
are technologically feasible. These opportunitesmay include (1) reestablish
ment on abandoned, "high-risk" farm I ands in f I ood -prone areas, (2) re
establishment in national forests, wildlife refuges and management areas, flood
control projects, or public lands on which bottanland hardwood forest habitat 
serves management goals that are determined to be in the best public interest, 
and (3) reclamation of surface;nined lands. 

SCOPE AND ARRANGEMENT 

In the initial review of available published literature, over 400 scientific 
papers, government reports, M.S. and Ph.D. theses, and popular-journal articles 
were located dealing with one or more factors related to bottanland hardwood 
restoration. Most of these papers did not discuss restoration specifically, but 
covered related factors, such as hydrology and flooding effects, soi Is and 
nutrients, plant succession and competition, and plant propogation methods. 
Since time and available staff did not allow the annotation of all the papers 
that were found, only those references that were thought to contain information 
of direct value to persons involved in bottanland hardwood restoration were 
selected for annotation. These annotations form the main section of this report, 
and are arranged a I phabet i ca II y by author. 

In addition, the bibliography contains non-annotated entries grouped under 
specific subjects. These entries may be of value to persons requiringmore in
depth treatments of specific species or silvicultural methods. Two appendixes 
are also included. Appendix A lists common and scientific names for bottanland 
harcll.wod species covered in this publication and Appendix B catalogues flooding, 
shade tolerances, and reproductive characteristics of selected bottanland 

2 
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hardwood forest species. Subject and species indexes are provided for cross
referencing of the annotated entries. 

Although an attempt was made to include all appropriate citations through 
May 1988, same papers may have been anitted. ~believe, however, that enough 
entries have been included to make this publication valuable to those involved 
in the ir11>ortant \Wrk of bottanl and hardwood restoration. 
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Allen, H.H., and C.V. Klimas. 1986. Reservoir shore I ine revegetation guide-
lines. U.S. Anny Corps of Engineers, Environmental and ~ter Qoality 
Operational Studies, Technical Report E-86-13. 87 pp. 

Planning, site preparation, planting, postplanting operations and maintenance, 
and costs associated with revegetat ing reservoir shore I ines with both herbaceous 
and woody species are covered. The two main elements of planning are site 
selection and the choice of plant species and materials. Important site factors 
to consider include water level fluctuations, bank morphometry, wave climate, 
animal depredation potential, and soi I characteristics. In general, larger
than-average tree seedlings and species that leaf out late should be used to 
minimize damage fran spring floods. Planting of four propagule types for woody 
vegetation--bare-root, balled-and-burlapped, and containerized seedlings and 
cuttings--is covered. There is a section on special establishment techniques 
in erodible environments in the planting chapter; detailed diagrams of most of 
the techniques are provided. Postplanting operations and maintenance are 
discussed only briefly. Mbnitoring is recommended in order to identify needs 
such as irrigation, fertilization, protection fran animals, or cultivation. 

Anderson, C.P., P.E. Pope, W.R. Byrnes, W.R. Chaney, and B.H. Bussler. 1983. 
Hardwood tree establishment in low plant cover on reclairred mineland. Pages 
158-170 in Proceedings of the third annual conference on better reclamation 
with trees. Purdue University, Terre Haute, IN. 

The paper describes a canparison between a reclairred surface-mined site in 
Sullivan County, IN, and an unnined reference site which was made to evaluate 
the effectiveness of hardwood seedling establishment, growth, and related 
factors. Black walnut and northern red oak seedlings (bare-root and 
containerized) were planted concurrently with a cover crop of fescue and red 
clover. Sites were di sked, I irred, and fert iIi zed. Test areas were treated with 
herbicide to control ground cover and to assess the competitive effects of ground 
cover on seedling establishment and growth. After two growing seasons, red oak 
seedlings exhibited lower survival and less net height growth than black walnut 
seedlings. Individual container-produced seedlings survived better than bare
root seedlings. Herbicide use to reduce ground cover competition effectively 
improved black walnut survival and growth, but had no significant effect on red 
oak. Selected physical and chemical properties of the growth media are 
discussed. 

Anon}41'Dus . 
wildlife. 

1984. Turning farmland into forests. Pages 10-11 in ~odlands for 
Mississippi Departrrent of VV.Idlife Conservation, Jackson, MS. 

A large-scale, lo-year program to reforest nearly 1,000 acres of old farm fields 
on the Malmai sonVVII dl i fe Managenent Area in Mi ssi ssi ppi is covered. Si nee 1981, 
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about 100 acres/year have been direct seeded with oak acorns collected by 
wildlife area managers around Mississippi and shipped to Malmaison. Species 
planted include water, wi I low, and cherrybark oak. Sowing is done with a 
modified two-row John Deere planter; 40 acres/day can be planted. Researchers 
fran the U.S. Forest Service Southern Forest Experiment Station in Stoneville, 
MS, are monitoring the results of the plantings. They report that germination 
and seedling survival appear to be adequate in most areas planted to date. 

Anon~us. 1986. 
7(2) :9-11. 

Results of oak direct seeding are pranising. Tree Talk 

This article describes an oak direct-seeding project, which began in November 
1981,on about 1,100acres of old farmland in the Panther SNarp National Wildlife 
Refuge, in Yazoo County, MS. Species planted include water, wi I low, andNutta11 
oak. Two planting machines were used: a modified antique "belly mount" cotton 
planter was used on heavy high-shrink Sharkey clay areas; and a converted John 
Deere Maxi-Merge 7,100 planter was used for planting unprepared ground that 
contained agricultural debris. Germination of wi I low oak began during Apri I 1982 
and Nuttall oak germination occurred fran mid-May throughout the summer. 
Survival and germination were reported to be adequate. Although only oakswere 
planted, invader species, such as pecan, water hickory, persimmon, sugarberry, 
honeylocust, and green ash, are expected to be components of the mature stands 
and should enhance the overall value of the forest for wildlife. 

Ashby, W.C., C.A. Kolar, and N.F. Rogers. 1980. Results of 30-year-old 
plantations on surface mines in the central states. Pages 99-107 in 
Proceedings of trees for reclamation. U.S. Forest Service General Technical 
Report NE-61,Broanall, PA. 

This report indicates that after at least 30 years, 28 species of trees have been 
grown successfully on surface~ined lands in the Central States. Many of the 
previously planted stands were vigorously invaded by volunteer trees, as well 
as other plants and animals. The success of a species was affected by geographic 
location, type of rooting rrediun, and whether species were planted alone or 
interplanted. Species reviewed included maples, green ash, black walnut, 
sweetgun, tulip tree (yellow-poplar), pines, sycamore, cottonwood, oaks, and 
black locust. Green ash exhibited the highest survival rate of any species. 
Sweetgum showed both good growth and survival. Black walnut and tulip trees 
(yellow-poplar) were very site sensitive; growth and survival varied 
substantially due to variations in soil pH, drainage, and other factors. 
Sycamore and cottonwood y i e I ded sam of the I a rges t trees a I though tree form was 
poor, and volunteer trees of these species often equaled or exceeded planted 
trees in size. Plantings of various oak species were successful in same 
locations; no planting failures are reported in the paper. Black locust showed 
rapid early growth before succl.IT'bing to the locust borer (Mesacvllene robiniae). 
Major invaders under established tree cover were elms, hackberry, and boxelder. 
Other important local invaders were black cherry, ashes, pin oak, shingle oak, 
and sassafras. Many areas exhibited a dense herbaceous layer. Cammon shrubs 
were dogwoods, grape, and sumac. 
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Ashby, W.C., W.G. Vogel, and C.A. Kolar. 1983. Use of nitrogen-fixing trees 
and shrubs in reclamation. Pages 110-118 in Proceedings of the third annual 
conference on better reclamationwith trees. Purdue University, Terre Haute, 
IN. 

The irrpor tance of n i t rogen- fixing trees and shrubs to the es tab I i shrent of other 
trees, and the advantages and disadvantages of using nitrogen-fixing species are 
discussed. Black locust, European alder, and autumn olive have been the most 
widely used species in mined-land reclamation. Nitrogen-fixing species can 
contribute to greatly accelerated growth and invasion of other trees. Black 
locust and European alder experience die-back and mortality after 5 or more 

years. The locust is often attacked by the locust borer, though same stands 
escape. Locust sprouts vigorously fran roots and sprouts growwell if not 
shaded. The reasons for alder mortality are not well understood. As a 
disadvantage, locust and autumn olive often produce dense thickets that are 
difficult to move through for interplanting or underplanting other trees. Alder 
rray exhibit excessive competitiveness on good sites; autumn olive rray overtop 
youngtrees if planting densities are not carefully controlled, and the seeds 
can be widely distributed by birds to other areas where unwanted establishrent 
rray occur. The author notes that an extensive literaturedocurenting the values 
of nitrogen-fixing species is avai I able. 

Baker, J.B.1977. Tolerance of planted hardwoods to spring flooding. Southern 
Journal of Applied Forestry 1(3):23-25. 

Inundation of cottonwood cuttings and seedlings (1-0 stock) of sweetgun, water 
tupelo, American sycamore, and green ash were studied and detailed in this 
article. Cuttings and seedlings were planted on a Sharkey clay site near 
Stoneville, MS, in two consecutive years in 25-tree plots. After the trees had 
leafed out in May, 3 ft of water was purrped onto the plots, alI trees were 
completely inundated for 4 weeks, and then the water was rerroved. Wlter tupelo, 
green ash, and sycamore were consistently most tolerant of spring flooding; 
survival was about 9~k. Cottonwood was the least tolerant of flooding; an 
average of only 2~k of the cuttings survived. All species except green ash lost 
their leaves each year during the flooding period. Average height growth for 
surviving seedlings one season after flooding was highest for cottonwood (3.7 
ft), followed by green ash (2.8 ft), sycamore (2.4 ft), water tupelo (1.8 ft), 
and sweetgum (1.2 ft). 

Baker, J.B., and W.M. Broadfoot. 1979. A practical field method of site 
evaluation for commercially irrportant southern hardwoods. U.S. Forest Service 
General Technical Report S0-26, NewOrleans, LA. 51 pp. 

This report provides a method and guide for evaluating the suitability of sites 
for 14 hardwood species: cottonwood, green ash, pecan, sycamore, sweetgun, 
yellow-poplar, hackberry, sugarberry, cherrybark oak, Nuttall oak, Shumard oak, 
water oak, willow oak, and swamp chestnut oak. The method is based on the four 
most irrportant determinants of hardwood growth: soil physical condition, 
moisture avai I abi I i ty during the growing season, nutrient ava i labi I i ty, and soi I 
aeration. Based on the percentage of rraxirrum tree growth attributable to each 
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of these factors, a site quality rating (SQR) is assigned for best, mediun, and 
poor conditions. The rating for each major factor is further divided according 
to the relative influences of soil-site properties; for instance, overall 
nutrient availability is assessed by rating geologic sources, past soil use, 
percent organic matter, depth of topsoil, soil age, and pH. All soil factors 
are tabulated and rated. Values fran the table are summed to assess the site's 
suitability for a particular species. Estimates of potential productivity for 
cottonwood, sweetgun, and sycamore are also,given. 

Bates, A.L., E. Pichard, andW.M. Dennis. 1978. Tree plantings--a diversified 
management tool for reservoir shore I ines. Pages 190-194 in Strategies for 
protection and management of floodplain wetlands and other riparian ecosystems. 
Proceedings of a s~osiun; U.S. Forest Service, ~shington, DC. 

This paper reports on studies that have been conducted since 1935 on shoreline 
plantings of water-tolerant tree species along periodically flooded or dewatered 
shore I ine within the mainstrean and tributary reservoirs of the Tennessee Valley 
Authority system. Baldcypresswas determined to be the most desirable species 
for planting in the fluctuation zone of reservoirs because of its rapid gr~h 
rate and ability to withstand prolonged flooding even in the seedling stage. 
Recently, h<mever, plantings of baldcypress have been detrimentally affected by 
high populations of beaver. Beaver populations along with competition fran 
herbaceous species in the upper portion of the fluctuation zone seemed to be 
major limiting factors to successful plantings. Shoreline plantings of water-
tolerant species provided the potential for shoreline stabilization, better 
habitat for desirable wildlife, a biological mosquito control method, replacement 
of wetlands lost in reservoir construction, and an aesthetically'pleasing 
shoreline landscape. 

Bedinger, M.S. 1971. Forest species as indicators of flooding in the l<mer 
~ite River Valley, Arkansas. Pages C248-C253 in Geological survey research 
1971.Chapter C. U.S. Geological Survey Professional Paper 750-C, ~shington, 
oc. 

This study indicates that flooding is the daninant environmental factor 
determining tree species distribution within the l<mer valley of the~ite River, 
PR. The relationship between flooding and tree species occurrence was 
sufficientlydistinct to permit determination of flood characteristics at a given 
site by evaluation of forest-species composition. on sites flooded 2~k-4~k of 
the time, the daninant species were water hickory and overcup oak. on sites 
flooded 10%-21% of the time, species included Nuttall oak, wi IICMt oak, sweetgun, 
sugarberry, and American elm. Sites subject to flooding at intervals of fran 
2 to 8 years included southern red oak, shagbark hickory, and blackgum. The 
presence of blackjack oak marked areas not flooded in historic times. 

Bonner, F.T. 1964. Seeding and planting southern hardwoods. Pages 28-40 in 
Proceedings of the Auburn University hardwood short course; Auburn, AL. 

This paper sunnarizes the state of knCMtledge about southern hardwood seeding and 
pi anti ng as of 1964. A tab I e is presented which inc I udes pi anti ng i nforrnat ion 
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on cottol'liM)od, sweetgun, green ash, sycarrnre, yeiiCMt-poplar, oaks, black walnut, 
water tupelo, and baldcypress. Information given includes recommended pruning 
length for roots, recommended top length, best root-collar dianeter, adaptabi I ity 
to machine pi anti ng, response to fert iIi zer, usual first -year grCMtth, sui tabi I i ty 
for wet sites, and susceptibi I ity to animal and insect damage. Inaddition to 
the table, the paper includes sections on protection, cultivation and weed con
trol, and direct seeding. Protection of sweetgun, oaks, green ash, and yeiiCMt
poplar seedlings can be difficult in old-field plantings, where they are suscep
tible to damage by rabbits and other rodents. No repellant is available yet for 
application to seedlings or cuttings. Protection fran livestock and fire is 
essential for good results. CUltivation is very important in cottol'liM)od plan
tations; cross-disking is the best method. Black walnut and sycarrnre also have 
been shown to benefit fran weed control. Direct-seeding results to date have 
been erratic. Rodents have been responsible for most direct-seeding failures 
of oaks, and have also damaged black walnut seed. Same seeds, such as those of 
the red oaks and white ash, may remain dormant for a year or more after sCMting. 

Bonner, F.T. 1966. Survival and first-year grCMtth of hardwoods planted in 
saturated soils. U.S. Forest Service Research Note S0-32, New Orleans, LA. 

This study documents the grCMtth of sycarrnre, sweetgun, and Nuttall oak in poorly
drained saturated soi Is typical of Mississippi River batture and slackwater clay 
areas (Ccmnerce si It loan and Sharkey clay). O'le-year-old seed I ings in pots of 
these two soils were kept under saturated conditions and monitored fran February 
until August for various aspects of root and shoot grCMtth. Timing of bud-break, 
initiation of height grCMtth, and seedling survival were not influenced by either 
soil type or saturation. Saturation did decrease terminal, stan dianeter, and 
root grCMtth. At least 10 weeks of continuous saturation were required to produce 
large decreases in grCMtth. Sycarrnre seedlings exhibited the best overall grCMtth; 
ha~~~ever, terminal grCMtth of the seedl ingswas more greatly impacted by saturation 
than in the other two species. Root growth was suppressed in Nuttall oak and 
sweetgun; sycarrnre roots grew tNice as much in clay soil as in silt loan. Stress 
on the seedlings was also evident in measures of water balance, especially in 
si It loan. 

Bonner, F.T. 1977. Handling and storage of hardwood seeds. Pages 145-152 in 
Proceedings of the second s~osiun on southeastern hardwoods; U.S. Forest 
Service State and Private Forestry, Atlanta, GA. 

Techniques for seed storage and handling for a number of bottanland hardwood 
species are described. Sweetgun, sycarrnre, green ash, white ash, and yel ICMt
poplar seeds should be stored dry (moisture content 6%-8%), as well as seeds fran 
fruits or drupes (such as black cherry, dogwood, sugarberry, and water tupelo). 
A table of oven temperatures and drying times is given. Red and white oak acorns 
are stored moist; the seeds became non-viable when the moisture content drops 
to 25>/o-30%. Treatment of acorns for rEnDval of insect larvae is not recommended. 
Dried seeds may be stored at temperatures of 0-5 °C for long periods of time, 
or at higher temperatures if they are to be sowed during the next spring. 
Sweetgun, sycarrnre, yeiiCMt-poplar, green and white ash, and black cherry may be 
stored in this manner for up to 5 years. ~ter tupelo, shagbark hickory and 
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cottonwood seeds can be stored for 2 to 3 years. Acorns should be maintained 
at 3~k-4~kmoisture at temperatures between freezing and 2 °C in 4~il-thick 
polyethylene bags to allow gas exchange. The more dormant the oak, the longer 
the acorn can be stored. Red oak acorns store rruch better than those of the 
white oak group. The control of moisture content in seeds is critical to avoid 
damage fran I i pi d autoox i dati on (be I ow ~/o moisture), fungal growth (10%-18%), 
or heat fran respiration (above 1~k). Relative humidity in the storage area can 
be controlled, but is expensive; storing seeds in moisture-proof containers is 
more econani ca I . 

Bonner, F.T. 1984. Testing for seed quality in southern oaks. U.S. Forest 
Service Research Note S0-306. New Orleans, LA. 6 pp. 

This paper describes various experirrents on rreasurement of acorn vigor carried 
out at the Forestry Sciences Laboratory in Starkville, MS. A variety of 
techniques are discussed, including the standard laboratory germination test, 
cutting tests, radiography, tetrazolium staining (TZ test), germination rate 
tests (peak value (PV) andrrean germination tirre (IVGT)), and leached conductivity 
tests. In 1978, five lots of water oak, collected fran 1975 to 1978 were 
randanly SCflllled for three types of tests: standard laboratory germination test, 
TZ, and the PV. These tests results were compared with indicators of seed and 
seedling performance in nursery beds. All tests clearly showed which lots were 
the best and the poorest quality. Results of the standard laboratory germination 
TZ tests appear to have been correlated with nursery germination and growth, 
but the nuni>er of lots precluded a definitive test. In 1982,rrultiple lots of 
white oak, water oak, and cherrybark oak were selected for the standard 
laboratory germination, TZ, PV, and MGT tests. The test results were again 
compared with several indicators of seedling performance in nursery beds and 
showed that TZ testing gave the best results for cherrybarkoak, followed by the 
PV test; PV and MGT tests were best for water oak. No tests were significantly 
correlated with nursery germination of white oak. Seed vigor tests could not 
predict oak seedling performance after germination. Tetrazol iun staining test 
results were significantly correlated with results of the standard laboratory 
germination test for white and cherrybark oaks, but not water oaks. Inspite 
of the mixed results, seed quality testing is definitely recommended. 

Bonner, F.T. 1986. Good seed quality -- how to obtain and keep it. Pages 31-
36 in Northeastern area nurser~n·s conference; State College, PA. 

This paper contains recommendations for the collection, processing, storage, 
and planting of oak acorns and small "orthodox" seeds (such as sweetgum, 
sycarore, and yellow-poplar). Oak acorns need to be stored at higher moisture 
contents and thus are treated differently fran the so-called orthodox species. 
Wlereas the orthodox seeds can be dried to moisture contents of below 10%, white 
oak acorns wi II die at moisture contents below 351/o and red oaks, below 2~/o. Both 
types of seed should be collected only when mature; many orthodox seeds reach 
maturity in the early fall, but, in general, collection should be delayed until 
the seeds have dried somewhat. CUt-and-float tests are recommended for acorns 
since weevil infestations may require additional collection efforts. Three key 
points for acorn storage are: (1) keep acorns moist; (2) keep them cool ( 1-3 °C}; 
and (3) do not store them in airtight containers. Stratification periods are 
recommended for nine oak species. Ifstored correctly, orthodox seed may remain 
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viable for at least 3 years. At best, white oak acorns should be stored only 
over one winter, and ideally should be planted the same fall they are collected. 
Mbst red oaks can be stored up to 3 years, but viability rray fal I 5~k in this 
tirre The paper concludes with nine general considerations for assuring good 
seed ' qua I i ty. 

Bonner, F.T., and J.A. Vozzo. 1985. Seed biology and technology of Q..lercus. 
U.S. Forest Service General Technical Report S0-66, New Orleans, LA. 21 pp. 

This monograph is divided into two parts--current biological knowledge and 
handling and rranagement of acorns. The first section briefly covers the taxon~ 
of the genus Q..lercus, and describes the anat~. rretabolisn, dorrrancy, and 
predators of oak seeds in detail. The second section covers seed collection, 
cleaning and conditioning, treatrrent for insects, storage, stratification, and 
testing. All oaks belong to one of two subgenera of Q..lercus, which are generally 
referred to as red and white oaks. Both biological characteristics and same 
aspects of handling and rranagement of acorns differ substantially, rraking the 
distinction between these groups important for planting operations. Acorns 
should be collected as soon as they are rrature, which in the Midsouth is usually 
fran late October to early November. Indicators of rraturity are provided for 
both subgenera, and collectionrrethods are covered briefly. It is very important 
to prevent excessive drying--loss of moisture should not exceed ~k. Treatrrent 
for insects should be done with caution since common treatrrent rrethods such as 
soaking in hot water and funigating can also hann the acorns. Storage techniques 
vary between the subgenera. In general, white oaks cannot be successfully stored 
more than 4-6 months, and the best recommendation is to store them in the ground 
by pi anti ng them in the fa II . A good rrethod of storing red oaks is to keep them 
in polyethylene bags with a wal I thickness of 4-10 mil at a temperature near, 
but above, freezing (1-3 °C). Recommended stratification periods for selected 
red oaks are provided, and same common test procedures are described. 

Briscoe, C.B. 1957. Diameter growth and effects of f I ood i ng on certain 
bottanland forest trees. Ph.D. Dissertation. Duke University, Durham, NC. 

This study covers tree diameter growth and the effects of flooding on seedlings 
of water tupelo, sweetgun, loblolly pine, laurel oak, baldcypress, water oak, 
northern red oak, cherrybark oak, slash pine, and swamp tupelo on seven types 
of physiographic sites in southeasternGeorgia. Seedlings of water tupelo, swamp 
tupelo, northern red oak, cherrybark oak, and slash pine were treated to 
detennine the effects of flooding on growth. All species tolerated up to 51 days 
of flooding and submersion (the longest period allowable in the experirrent). 
Tolerance to flooding was related to the frequency of flooding at the different 
sites where the species were naturally found in southeastern Georgia. Submersion 
of the seedlings reduced growth more than just flooding the soi I. Tolerance to 
flooding increased with age of the seedlings and decreased with the duration of 
the flooding event. ~ter temperature affected growth; seedling growth ceased 
at water temperatures of 41 °F and seedlings suffered same (reversible) darrage 
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at hoi ding tEfllleratures of 95 °F. Root grOJVth was rrore reduced by f I ood i ng than 
was shoot grOJVth. Slash pines sufferedrrortality after flooding due to a seed
borne fungus. Same swamp and water tupelo rrortal ity due to insect larvae was 
observed.' 

Briscoe, C.B. 1961.Gennination of cherrybark and Nuttall oak acorns following 
flooding. Ecology 42(2):430-431. 

The article detai Is gennination experiments on cherrybark and Nuttall oak acorns 
previously kept in cold, rroist stratification for 4 rronths. The acorns were 
divided into 100-seed lots and four lots were randanly assigned to each of 10 
treatments: no flooding; flooding in open-mesh bags in SWCI11l water or tap water 
for 8, 18, and 34 days; and flooding in sealed containers of tap water for the 
three periods. Temperature of all the waters ranged fran 37-40 °F. Following 
these treatments, acorns were genninated in \WOden flats fi lied with vennicul ite. 
The results indicated a significant interaction of species and flooding period, 
but no significant differences based on type of water used. Cherrybark oak 
gennination was significantly lowered by the 34-day submersion period; 
gennination averaged 44% after 8 days, 41% after 18 days, and 28>/o after 34 days. 
Nutta 11 oak was not affected by f I ood i ng period, and genni nation for a II waters 
cami ned varied fran 41% to 44%. There was same i nd i cation that the genni nation 
percentage for Nuttall oak was higher for large than for smal I acorns. 

Briscoe, C.B. 1963. Rooting cuttings of cottonwood, willow, and sycarrore. 
Journal of Forestry 61(1):51-53. 

The report ~a study which took place on first bottoms of the Atchafalaya 
River in southern Louisiana. Cuttings of cottonwood, wi I low, and sycarrore were 
obtained fran natural stands and were collected each rronth fran October 1957 
through September 1958 (except August). Trees were cut near the ground with a 
machete; the basal 16-inch length was the butt-cut. The majority of the cuttings 
had a diameter inside bark of 0.3-0.8 inches, with a total range of 0.2-1.9 
inches. Cuttingswere set in a nursery bed on the sane day theywere collected; 
subsets of each species were removed each rronth to check for rooting. All 
species rooted every rronth, but November was the best rronth for cottonwood (92% 
of cuttings obtained and planted in November rooted) and March was best for 
willow and sycarrore (10~k of cuttings of both species rooted). October to 
December was the best period for rooting cottonwood, and January to March was 
best for sycarrore, wni le willow did just as well on average in both periods. 
Butt -cuts rooted better (66% overa II) than second-cuts (54%). Wi II ow cuttings 
grew the fastest; sycarrore grew the slowest. Butt-cuts of willow averaged 3.0 
ft in height by the end of the study (about 5-6 rronths of grOJVth), compared to 
2.1 ft for cottonwood, and 1.4 ft for sycarrore. 

Broadfoot, W.M. 
Midsouth soi Is. 
84 PP. 

1976. Harci\Wod suitability for and properties of ir11>ortant 
U.S. Forest Service Research Paper S0-127, New Orleans, LA. 

This document updates and expands previous information about ir11>ortantMidsouth 
soils and their suitability for hardwoods. Forty tables describe the properties 
of each soi I , give managenent suggestions, and indicate occur renee, sui tabi I i ty, 
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and productivity of various species. Of the 40 soi Is described, 16 are found 
primarily in the Southern Mississippi Valley Alluviun, 12 in the Si I ty Uplands, 
9 in the Coastal Plains, and 3 in the Blackland Prairies. 

Broadfoot, W.M., and R.M. Krinard. 1961. GrCMtth of harci\Wod plantations on 
bottoms in loess areas. U.S. Forest Service Tree Planters' Notes 48:3-8. 

This article, with pictures and detailed captions, briefly describes!?- to 25-
year-old hardwood plantations within the loess soil belt of Mississippi and 
Tennessee. A 17-year-old baldcypress plantation and a 6-year-old cottonwood 
pi an tat ion are included for carpar i son. All pi an tat ions were on abandoned fann 
land in stream bottoms or branch heads, and were established with 1-0 nursery 
seedlings on a 6 by 6 ft spacing, (the cottonwood plantationwas established fran 
cuttings planted on a 9 by 9 ft spacing). In addition, two sweetgurn plantations 
and one each of southern red oak, white oak, water oak, swamp chestnut oak, 
yellow-poplar, water tupelo, green ash, and river birch are depicted. At age 
21, the three largest white oaks averaged 9.2 inches in dbh and 50 ft in height. 
After 25 years the yellow-poplar plantation had 61% survival and an average 
diameter of 5.3 inches. Data are also given for age, survival rate, dbh, and 
height for sweetgun, water oak, willow oak, swamp chestnut oak, green ash, 
cottonwood, and baldcypress. No data were collected for southern red oak or 
river birch. 

Clewell, A.F. 1981.Vegetational restoration techniques on reclaimed phosphate 
strip mines in Florida. V'ktlands 1:158-170. 

A portion of this paper discusses preliminary results for forest reestabl ishrent 
on phosphate-mined lands in Florida. Four methods of swamp restoration were 
evaluated: (1) planting of tree seedlings (primari lywith bare roots rather than 
potted); (2) transplanting of saplings fran natural swamps with a tree spade; 
(3) rrulching, using topsoil fran natural swamps; and (4) natural colonization. 

The author noted that the planting of tree seedlings pranises the partial success 
of forest reestablishment; helps to overcame any inadequacy of natural seed 
sources; and is considered inexpensive, as long as a mechanical tree planter is 
used. ltwas pointed out that unavai labi I i ty of preferred nursery stock could 
be a serious problen, Tree spading of saplings up to about 8 an in diameter fran 
natural swamps to adjacent reclaimed lands can be accarplished, though oftenwith 
limited success. An operator can transplant about 200 trees a week usingtree
spad i ng equ i pnent; h<meve r, the operation is I imi ted to so i Is f i nn enough to 
support the equipnent. Swamp mulching holds pranise in special I imited 
situations; rrulching in strips or piles between planted trees is recommended. 
For colonization by natural invasion, an inverse correlation between distance 
fran the nearest natural seed source (which in Florida is typically a riparian 
forest) and the number of species present was noted. Limitations to planting 
methodologies include cost, time requirements needed to satisfy regulatory 
requirements, and the self-sustaining capability of the species used. 
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Clev.ell ,A.F. 1983. Riverine forest restoration efforts on reclairredmines at 
BreNSter Phosphates, central Florida. Pages 122-133 in D.J. Robertson, ed. 
Reclamt ion and the phosphate industry. Proceedings of a S}fTPOSiun; Clearvvater 
Beach, FL; 26-28 January, 1983. Florida Institute of Phosphate Research, 
Bartow. 

This paper provides the foiiONing sunnary statements about rmjor forest 
reestablistmmt issues within the central Florida phosphatemining area: (1) 
Prescribed vegetational restoration activities are essential to restoring plant 
cmmmi ties that closely resatble those of natural riverine forests; (2) Previous 
studies strongly suggest that natural dissaninat ionof seeds can be incorporated 
into a restoration plan for a site bordering a natural seed source; (3) Bare
root seed I ings can be used in res to rat ion, but rmy not always yield sat is factory 
results; (4) Tree-spadingrmy be advantageous in sare situations. If tree
spading is attmpted, i rrigat ionrmy accelerate the recovery of the root systan. 
Additional infonmt ion regarding the value of tree-spading in forest restoration 
is needed; (5) Pre I iminaryresul ts fran studies have suggested that direct seed
ing is possible for sare species, but percentage of genninat ion and survivalrmy 
be ION; (6) M.Jiching sean; to be helpful in restoring riverine forests as long 
as high soil rmisture isrmintained; thus, irrigationrmy be required. Also, 
lll..llching (in this case topsoi I spread about a foot in depth and obtained fran 
a riverine forest) introducesrmny species of plants; (7) ~eds can result in 
severe Cat'lle t i t ion for tree seed I i ngs and young sap l i ngs, a I though weeds can 
provide shade and protection franwind. The author recommends additional study 
of several rrethods for partial weed control; (8) The author concludes that a 
riverine forest could be restored, but that successful restoration is dependent 
on using a combination of rrethods applicable to the specific situation. 

Conner, W.H. 1988. Natural and artificial regeneration of baldcypress in the 
Barataria and Lake Verret Basins of Louisiana. Ph.D. Dissertation. Departrrent 
of Forestry,Wi ldl ifeand FisheriesScience, LouisianaState University, Baton 
Rouge. 

This dissertation covers natural regeneration occurring fran 1982-87 and the 
results of four planting trials of baldcypress in southern Louisiana. OVerall, 
natural regeneration was poor in both basins studied, and artificial regeneration 
was largely unsuccessful due to nutria depredation. In three of the trials, rmst 
unprotected seed I ings planted in both logged and unlogged stands v.ere quickly 
destroyed by nutria. Vexar plastic seed I ing protectorsv.ere tried, but at best 
only sl011ed the rate of seedlingdestructionslightly.Chickenwire fencesv.ere 
used to protect one planting, and survival ranged fran 64>/o to 91%, Cat'llared to 
about 151/o for the other trials. In the fourth trial, baldcypress seed I ingsv.ere 
planted in a seasonally flooded crawfish pond in February and July for two 
consecutive years. February-planted seedlings that experienced one growing 
season before flooding had the best survival and growth. After 3 years, annual 
growth rates of February- and July-planted seedlings were similar. 

Conner, W.H., and J.R. Toliver. 1987. Vexar seedling protectors did not reduce 
nutria damge to planted baldcypress seedlings. U.S. Forest Service Tree 
Planters' Notes 38(3}:26-29. 
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This article covers the results of a baldcypress planting trial in southern 
Louisiana, which was designed totest the effectiveness of Vexar plastic seedling 
protectors as a deterrent to nutria depredation. Five areas of typical 
baldcypress-tupelo forest--four of which had been logged recently--were planted 
with 1-year-old seedlings, and half the seedlings in each area were protected 
with Vexar seedling protectors. The seedling protectors slowed down the rate 
of destruction somewhat, but after 3 months, 8~k of the protected seedlings and 
8~k of the unprotected seedlings had been destroyed by nutria. 

Dickson, R.E., and T.C. Broyer. 1972. Effects of aeration, water supply, and 
nitrogen source on grONth and develoJll'Ent of tupelo gun and baldcypress. 
Ecology 53(4):626-634. 

Three separate experiments on water tupelo and baldcypress are summarized. The 
experiments were designed to (1) compare the relative effects of saturated and 
unsaturated soi I, aeration within the saturated soi I, and nitrogen fertilizer 
source on gr~h; (2) determine the effects of aeration and water availability 
on internal plant moisture stress and growth; and (3) compare the effects of 
four soil~isture regimes on internal moisture stress and growth. Seedlings 

were grown in 7-inch clay pots, with four or five seedlings per pot. Five soil
water regimes were more sensitive to anaerobic, saturated soil. Nitrogen 
fertilization produced more growth compared to no-nitrogen fertilization in 
saturated soi I, but had no significant effect on seedlings in unsaturated soi I. 
Urea produced more gr~h than nitrate for baldcypress, while the opposite was 
true for water tupelo. In general, baldcypress was more responsive to 
fertilization than water tupelo. 

DuBarry, A. P. , Jr. 1963. Genni nat ion of bottanland tree seed VIlli le i111mrsed 
in water. Journal of Forestry 61(3):225-226. 

The article details tests of seeds germinated in water. The seed of baldcypress, 
Carolina ash, green ash, buttonbush, sycamore, swamp tupelo, water tupelo, 
American elm, and sweetgum were subjected to 30 days of immersion in water to 
test germination. Testing was done in open-top, aluninun-foi I containers fi lied 
with about 2 inches of tap water. V\Bter t911>erature for the immersion t reatrrents 
ranged fran75 to 90 "F, and constant, artificial lightwasrmintained throughout 
the test period. Control groups consisted of seeds placed in sponge-type 
germinators, which kept seeds moist but not completely immersed. In addition, 
representative samples (whole seed) of each species were analyzed fornitrogen
free-extract (NFE) to evaluate its role in the germination process. Immersion 
in water was found to have a beneficial affect on soft-coated seeds with NFE con
tents of 2~k or more. Qnly baldcypress and water tupelo failed to germinate 
after 30 days. Other species ranged fran 21.~k germination (sweetgun) to 86.~k 
(buttonbush). 

Erwin, K.L., G.R. Best, W.J. Dunn, and P.M. V\BIIace. 1985.1V1arsh and forested 
V~etland reclamtionof a central Florida phosphatemine. V'ktlands 4:87-104. 
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==~~~~~~~~~~==~~ 

This journal article discussesvwt lands reestabl istmmton a 148-ha project site 
of phosphate-mined land in central Florida, of Vlklich 61 ha of vwtlands and 87 
ha of uplandsvwre reclairred in 1981-82. The vwt landsvwre designed to create 
frestwaterrTBrsh, hard.M>od9111alp, and openwater. About 66,000 trees (12vwtland 
species) vwre planted. Tree seed I ing survival and condition as a function of 
type of seed I ing, season, and water depthvwre detennined.Overall seed I ingrmr
tal i ty in the reclamt ion area was STBII. Carol ina ash had the highest net 
survival (98%) and grONt:h in height. Other species that exhibited high survival 
included red bay (90%), black gun (90%), sycarore (90%), Florida maple (86%), 
and S~~eet bay (8J>/o). FoiiONing a very poor initial survival rate (58%), cypress 
seed I ings gradually recovered through root stock sprouting to a 78>/o survival 
rate. Species wi t h reI at i ve I y I ON in i t i a I su rv iva I inc I uded Dahoon hoI I y (56%) , 
I obi oily bay ( 44%), and I aure I and I ive oaks (12%), a I though the data for the 
oaks ITBY not be valid because of the STBII mrrber of individuals in the sarpl ing 
population. GrONt:h rates of cypress seed I ingsvwre higher at I ON-water levels 
(e.g., <30 an); it was recanrendedthatwater conditionsduring the first and 
second grONing seasons should be kept ION to increase height grONt:h and survival. 
CatpetitivegrONt:hof sarerTBrsh plants (e.g., cattail,rTBrshwiiiON) appeared 
to retard seedlinggrONt:h and/or survival ability. Hoilever, if seedlingsvwre 
successful in surviving the carpet it ion, their grONt:h rate was high. 

Ettinger,W., and C. Yuill. 1982.Sand and gravel pit reclamtion in Louisiana: 
creation of vwt lands habitats and its integration into adjacent undisturbed 
bayou. Pages 109-114in Wildlife values of gravel pits. Agricultural Experirrent 
Station MiscellaneousPubl ication 17. Universityof Minnesota, St. Paul. 

This paper describes a reclamtionplan for an area surfacemined for sand and 
gravel in ~bster Parish, LA. The goal of the reclamt ion plan was to convert 
the barren unreclairred site into a diverse assam I age of bottanland forest and 
shall ON and deeper water habitat integrated into the Bayou Dorcheat and Lake 
Bistineau ecosystan;. llllJortant planning eiEmmts vwre water-level 
considerations, regrading and reshaping spoi I, and revegetation. A I imi ted 
progranof tree plantingwas proposed. On areas above a typical yearly high
water mark, species to be planted included hickory, pecan, Shumrd oak, and 
wi liON oak. Recanrended species on seasonally flooded areas vwre green ash, 
overcup oak, water hickory, and water oak. As islands and arerging areas 
stabi I ize, baldcypress and other bottanland hardM>odsvwre expected to colonize 
the site fran adjacent undisturbed areas. As of 1982, the plan was being 
illlJiarented but foiiON-uprmni toring data vwre not avai I able. 

Finn, R.F. 1958. Ten years of strip-mined forestation research in Ohio. U.S. 
Forest Service Central States Forest Experirrent Station Technical Paper 153. 
Columbus,CH. 38 pp. 

This paper SllliTBr izes the results of 10 years of planting studies on coal strip
mined land in Ohio, and clearly shows that a variety of trees (including 
bottanland hard.M>od types) and forage plants can be successfullygr01111. Factors 
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studied included species adaptation, mixed plantings, direct seeding and other 
planting rrethods, and the effect of grading on planted trees. Generally, poor 
results were obtained fran direct seeding; grading retarded height gr~h of 

most planted trees. 

Fletcher, s.w. 1986. Planning and evaluation techniques for replacerrent of 
carplex streanand V~etland drainage systEII'S. Pages 195200 in Proceedings: 
new horizons for mined land reclamtion. Anerican Society for Surface Mining 
and Reclamtion, Princeton, WJ. 

This paper describes a planning approach for replacing stream and wetland 
ecosystems on phosphate~ined lands in central Florida where existing systems 
are characterized, and hydro I og i c, soi I , and vegetat i ona I prof i I es are deve I oped 
for each community type and stream reach. Postmining plans are developed with 
consideration of pranining conditions. The reclamtion plan includes a series 
of iterative steps to allow reestablishrrent of each profile toward optimum 
configuration. Flow barriers, contouring, and other devices are designed to 
create proper hydroperiod conditions for each community type. 

Fa~WIIs, H.A., editor. 1965. Silvics of forest trees of the United States. U.S. 
Departrrent of Agriculture Handbook No. 271. ~shington, DC. 762 pp. 

This handbook is an edited compendium of silvical papers on tree species of 
commercial importance. A total of 127 species are covered, including most of 
the major bottaml and hardl.wod species. The information provided for each species 
includes habitat conditions (climate, soi Is and topography, and associated trees 
and shrubs), I ife history (reproduction and early growth, and sapling stage to 
maturity), and races and hybrids. (Authors' note: a new edition of this handbook 
is due to be published in 1988). 

Francis, J.K. 1985. Bottanland hardM:>od terti I ization--TheStonevi lie 
Experience. Pages 346-350 in Proceedings of the third biennial southern 
silvicultural research conference; Atlanta, GA. 

Results of several fertilization studies with cottonwood and other bottomland 
hardwood species and species mixes are discussed. Ineight studies, cottonwood 
plantations were fertilized with rates of nitrogen (~.~~3) ranging fran 0 to 
600 lb/acre. In SQ'TE of the studies, P and K were adaed to a treatment, and 
I irre was included in one study. The best rates of N fert iIi zer were 150 and 300 
lb/acre. Most of the responses to fertilizer occurred in the first year of the 
trials, and by the third year no further response was evident. Evidence 
indicates that the best time to fertilize cottonwood may be March; also, 
cottonwood may be more I ike I y to respond to fer t i I i ze r at age 4 than at younger 
ages. Benefit was not derived fran the addition of P, K, or I irre in any of the 
trials. The most important cause of success or failure of a treatrrent was site 
history. Old field sites were much more responsive to fertilization than 
plantations established on sites recently cleared of forest. Plantations on 
rred i urn- textured soi Is, such as Canne rce or Convent, responded more to 
fertilization than plantations on Sharkey or Urbo soils. Results with other 
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bottomland hardwoods were similar in most cases. Generally, the best response 
was obtained on old fields with N, or Nand P. Responses in most cases were not 
high enough to justify the costs of fertilization given current forest-product 
prices. The author concluded that fertilization should be I imited to special 
cases, which are not yet well-defined. 

Fung, M.Y.P. 1986. Ground cover control with herbicides to enhance tree 
establ ishrent on oi I sands reclamation sites. Pages 179-182 in Proceedings 
of the s~osium on new horizons for mined land and reclamation. American 
Society for Surface Mining and Reclamation, Princeton, WJ. 

The paper covers a common problem encountered during the initial phase of woody 
plant seeding establishment--campetitionby aggressive herbaceous vegetation for 
I ight, soi I moisture, and nutrients. Ground vegetationrrust be properly managed 
to promote erosion control and soil improvement while minimizing any adverse 
impacts on tree seedlings. Two herbicides, amitrole and glyphosate, were 
evaluated for their ability to control herbaceous cover. Glyphosate, applied 
at 9.50 L/ha, was the more effective of the two in maintaining ground cover 
density at or below 551/o. At this level, seed I ing survival and growth were 
significantly improved. 

Gilbert, T., T. King, and B. Barnett. 1981. An assessnent of wetland habitat 
establishment at a central Florida phosphatemine site. U.S. Fish andWildlife 
Service Biological Services ProgramFWS/OBS-81/38. 96 pp. 

This publication reports on a reclairred mine restoration project initiated in 
1978, and carried out by the Florida Game and Fish Cannission in cooperation with 
the International Minerals and Chemical Corporation and the U.S. Fish and 

Wildlife Service. The 49-acre site, which was mined for phosphate in 1967-68, 
included both wetland and upland reestablishment areas, and was located in Polk 
County, FL, adjacent to the Peace River floodplain. In 1978, the area was 
graded, two water basins were created, and a rreandering channel was constructed 
to connect the basins during periods of high water. OVer 10,000 tree seedlings 
(16t species, including fran 9 to 13 bottomland forest species) were planted in 
26 test plots. Native herbaceous marsh plants were transplanted to the wetland 
portion of the site. Plantings, natural plant invasion, hydrology, water 
quality, and wildlife uti I izationwere evaluated for about 18 months after site 
construction. The authors concluded that plantings can increase plant species 
diversity on new sites. Bareroot seedlings, larger transplanted trees, and 
freshwater marsh plants can be successfully introduced, but species selection 
and on-site planting location are primary factors to be considered. Natural 
invasion is also an important factor. The amount of plant subsidy that may be 
needed is dependent on (1) the distance of individual sites fran a natural seed 
source, (2) the nearby natural plant community type, and (3) dispersal 
rrechanisms. Generally, as the distancefran the potential seed source increases, 
the amount of plant subsidy needed increases. Survival and growth data for each 
species are presented and reclamation rrethods are discussed. The authors 
concluded that although it was not yet possible to assess the long-termecosystam 
aspects of wetland reestablishment for the study site, the short-term outlook 
was prani sing. 
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Gilmore, A.R., andW.R. Boggess. 1963. Effects of past agricultural practices 
on the survival and growth of planted trees. Pages 98-102 in Proceedings of 
the Soil Sciences Society. 

This paper describes the results of a planting of four pine species (loblolly, 
shortleaf, red, and white) and three hardwood species (sycamore, green ash, and 
yellow-poplar) on a recently abandoned farm field in southern Illinois. The 
field had been used for 40 years to test crop rotations with various soil and 
ferti I izer practices; the soi I in the field was Wartrace series, which developed 
fran I oess. Treatments to portions of the field included the addition of manure, 
crop residues, lirrestone, and/or rock phosphate and no treatment controls. Pine 
seedlings (1-0 for loblolly and shortleaf, and 2-0 for white and red) were 
machine planted, and hardwood seedlings (all 1-0 stock) were hand-planted in the 
spring. All pine species survived best on the untreated plots, or on those to 
which only crop residues had been returned. Survival was significantly less on 
plots that had been manured, and was drastically reduced on I irred plots due to 
weed competition. Survival of sycamore and yellow-poplarwas greatest on plots 
that had both lirre and manure or crop residues. It was concluded that: (1) 
extreme caution should be used in planting pines on land that has been recently 
ferti I ized unless provision is made for weed control; (2) past ferti I ity programs 
should be investigated; and (3) hardwoods requiremore fertile sites than pines. 

Hansen, N.J., and A.L. McComb. 1955. Growth, form and survival of plantation
grown broadleaf and coniferous trees in southeast Iowa. Proceedings of the 
Iowa Acadamw of Science 62:109-124. 

This paper summarizes the results of a survey (conducted during 1952-53) of old 
fields and degraded forest land in southern Iowa, planted with broadleaf and 
coniferous species during the years 1937-41. Typical bottanland forest species 
planted included green ash, Anerican elm, cottorw:>od, and silver maple. Overall, 
data were collected for 17 broadleaf species and 10 coniferous species. After 
12- 15 years following planting, growth of deciduous species in general was poor 
on eroded, old-field sites and good on uncultivatedand unerodedsites (primarily 
around abandoned fannsteads). Conclusions were I imi ted because of absence of 
original planting records and data. 

Harris, S.A., H. Bateman, and L. Savage. 1985. Sportsmen's paradise regained. 
Louisiana Conservationist 37(5):24-25. 

This article describes a project to plant Nuttall oak, wi I low oak, overcup oak, 
baldcypress, and pecan on approximately 4,500 acres of recently purchased 
agr i cui tural I and. The tract joins the Russe II Sage and Quach ita Wi I d I i fe 
Management Areas near l'vbnroe, LA. A 5- to lo-year planting schedule has been 
planned, with approximately900 acres/yr to be planted. During the first season, 
870 acres of disked fields were planted using 114,000 seedlings and 6,000 lb of 
acorns. Sane of the seedlings were hand-planted; a rrechanical planter was used 
for the acorns. Prior to sowing, acorns were kept in cold storage or 
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underground. As the first year's pi anti ng progressed, nunerous study pi ots were 
established to monitor survival and growth of planted seedlings and acorns. The 
goal of the project is to reestablish a diverse bottanland hardwood forest on 
the tract. It is hoped that species such as water hickory, persimmon, elrrs, 

wi II ow, sugarber ry, and native understory pi ants wi II becane establ i shed through 
natural regeneration. 

Haynes, R.J. 1983. Natural vegetation developrent on a 43-year-old surface
mined site in Perry County, Illinois. Pages 457-466 in S~osiunon surface 
mining, hydrology, sedimentation and reclamation. University of Kentucky at 
Lexington. 

Natural revegetation was evaluated on a 43-year-old surface-mined site in 
southern Illinois. For the overstory, 16 species of trees were recorded. ~en 
compared with an adjacent oak-hickory climax forest on unmined land, the study 
site exhibited I ittle similarity, but more closely resembled a southern 
floodplain or mesic forest type. American elm, cottonwood, sycamore, boxelder, 
and black cherry accounted for 7~k of the importance value. Other volunteer 
species noted were shingle oak, red oak, pin oak, river birch, willow, hackberry, 
silver maple, dogwood, sassafras, and persimmon. The rate of succession on the 
site appeared to be suppressed. The primary factors thought to be limiting 
succession were competition fran dense shrub and herbaceous vegetation and the 
lack of an available seed source for many heavy-seeded species (e.g., oaks and 
hickories) at an appropriate time for establishment. 

Haynes, R.J., and F. Crabill.1984. Reestablishment of a forestedwetland on 
phosphate-mined land in central Florida. Pages 51-63 in Proceedings of the 
fourth annual conference on better reclamationwith trees. Purdue University, 

V\est Lafayette, IN. 

This paper describes the design and implementation of a cooperative forested 
wetland reestablishment effort involving the U.S. Fish andWi ldl ife Service, AMAX 
Chemical Corporation, and various State agencies on a 16-acre (6.5-ha}, 
phosphate-mined site in central Florida (Hillsborough County). Therevegeta
ation type (daninant overstory species included red maple, laurel and water oak, 
and loblolly bay), site preparation, mining activities, grading, topsoil storage, 
soi I amendments, revegetation methods, experimental design, and monitoring are 
discussed. Study factors included topsoi ling; mulching; use of potted plants, 
bare-root seedlings, and wi ldl ings; natural invasion; control of plant 
competition; erosion control ; establ i shment of vegetation is I ands; and eva I uat ion 
of reclamation success. Data for categorical project costs were also sunnarized. 
About 90%-95% of the reclamation cost was estimated to be for earthmoving work 
involving heavy equiprent. Project site revegetation was estimated to account 
for about 2%-3% of reclamation cost, whereas carrying out the short-term 
monitoring pi an would require fran 1% to 2lfo. Imp I amen tat ion of the revegetation 
and monitoring plan was scheduled to begin in 1985; thus, data were not avai I able 
to evaluate the success of the project. 

Haynes, R.J., and L. Moore. 1987. Reestablishment of bottanland hardwoods 
within national wildlife refuges in the southwest. Pages 95-103 in Increasing 

22 



EPA-RS-20 17-0081491 NT_ 0000439 

our V'ktland Resources. Proceedings of a conference; National Wildlife 
Federation-Corporate Conservation Council; ~shington, DC. 

Increased interest in the protection, conservation, and restoration of bottanland 
forests prompted the U.S. Fish and ~ldlife Service (Southeast Region) in 1987 
to review existing examples of bottanland hardwood reestablishment on National 
~ldlife Refuges in the Southeast. Efforts to reestablish bottanland hardwoods 
were identified on 12 refuges. Plantings ranged in size fran less than 1 ha to 
about 405 ha and varied in age fran about 1 to 19 years after planting. The 
majority of the planting sites were on periodically flooded land that had been 
previously fanned. Planting methods included direct seeding of acorns and 
transplanting seedlings, bothof which had distinct advantages and disadvantages. 
Efforts to control competing vegetation and use of amendments, such as 
fert i I izer, were seldan used. The species rrost often planted were Nuttall oak, 
cherrybark oak, wi IICMt oak, water oak, and pecan, although several other species 
were planted. Natural regeneration relative to achieving a diversity of tree 
species was an important consideration at all sites, and additional evaluation 
of this issue is needed. Other limiting factors that may affect the success of 
plantings include (1) drought during the growing season or a late freeze 
foiiCMting planting; (2) standing water and high temperature on sites with young 
seedlings; (3) flooding on siteswhere the species planted are not adapted either 
to the duration or the depth of flooding; (4) damage or destruction of seeds or 
seedlings by rodents, rabbits, or deer; and (5) poor seed viabi I ity or poor 
quality of nursery stock. The small data set evaluated indicated that with 
attentive management and control of limiting factors, reestablishment of a 
planned bottanland forest with desired tree species and high value for many 
species of wildlife should be possible within 40 to 60 years. Additional 
analysis of other demonstration sites and long-term data sets are needed. 

Hosner, J.F. 1957. Effects of water upon the seed germination of bottanland 
trees. Forest Science 3(1):67-70. 

This study was set up to determine the effects of water upon the seed germina
tion of red maple, silver maple, Arerican elm, sycarore, and cotto~od. Samples 
of 100 apparently sound seeds of each species were randanly selected and split 
into two lots of 50 seeds each. Half the lots were subjected to soaking in 
tapwater in a darkened root eel lar at approximately 60 °F, for periods varying 
fran 4 to 32 days. The other half were kept dry, but were otherwise subjected 
to the same treatments. Except for 16 red maple and 2 silver maple seeds, the 
seeds of elm, sycarore, red, and silver maple did not germinate while soaking 
in water, but germinated rapidly inmediately after rerroval fran water. 

Germination was consistently high for all periods of soaking. Cotto~od and 
wil ICMt seeds completed their germination in the water after 4 days of soaking 
and many seedl ingswere healthy after 32 days of soaking. It was concluded that 
flooding of bottanland hardwoods for up to 32 days does not seam to have an 
appreciable effect upon the germination of the six species tested (except 
possibly through indirect effects of siltation). 

Hosner, J.F. 1958. The effects of complete inundation upon seedlings of six 
bottanland tree species. Ecology 39(2):371-373. 
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This article discusses the effects of complete inundation of seedlings of six 
bottanland hardwood tree species--cottonwood, willow, sweetgun, green ash, 
boxelder, and silver maple--for periods of 2, 4, 8, 16, and 32 days. Except 
for silver rraple, which was grown fran seed in a greenhouse, current-year 
seedlings were collected in the field, transplanted into two-and-a-half inch 
pots, and allowed to grow for 3 weeks before inundation. The seedlings were 
about 3 inches high when the test began, and all species except silver rraple 
appeared healthy at the start. Inundation was in tanks placed outdoors in an 
area exposed to sunlight until 2:00p.m.; water temperatures during the day 
ranged fran 88-93 °F. The seedlingswere kept coveredwith about a foot of pond 

water. All species, except silver rraple, survived 8 days of complete inundation. 
After 16 days all replications of willow and green ash survived; two of three 
replications of sweetgum survived; one of three boxelder survived; no cottonwood 
survived. After 32 days, only willow survived. Recovery after inundation also 
varied. Wi I low and green ash recovered fastest, followed by cottonwood, 
sweetgun, and boxelder. The species, ranked according to their relative 
tolerances to complete inundation, were willow, green ash, sweetgun, boxelder, 
cottonwood, and silver maple. 

Hosner, J.F. 1959. Survival, root, and shoot growth of six bottanland tree 
species following flooding. Journal of Forestry 59:927-928. 

The article covers experiments in which green ash, cottonwood, hackberry, 
sycamore, cherrybark oak, and pin oak seedlings were tested for survival, and 
root and shoot growth following flooding. Seedlingswere immersed for 38 days 
in enough tapwater to cover the surface of the soi I to a depth of about one 
quarter of an inch, after which they were raTDved and measured. The four rrnst 
vigorous appearing seedlings of each species were then kept for another 60 days 
in rrnist but well-drained soil, and remeasured. The results showed pronounced 
differences arrnng the six species in their ability to adjust to changing soi I 
rrnisture conditions. Cottonwood, sycarrnre, and ash seedlings rapidly developed 
adventitious root systems after flooding, but the oaks and hackberry did not. 
The hackberry seedlings all appeared dead within 3 weeks. The oaks survived, 
but their roots only weakly recovered after flooding, and no new leaf or shoot 
growth occurred in the 60-day post-flooding period. Shoot growth recovery was 
rapid for cottonwood and green ash, but rruch delayed for sycarrnre. 

Hosner, J.F., and S.G. Boyce. 
various bottanland hardwoods. 

1962. Tolerance to water saturated soi I of 
Forest Science 8(2):180-186. 

This study reports on current-year seedlings of 17 bottanland hardwood species 
native to southern Illinois which were tested for tolerance to water saturated 
soil. Potted seedlings were subjected to completely saturated soi Is for 15-, 
30-, and 60-day periods by placing pots into tanks filled with tap water to a 
level of about 1 inch above the soi I I ine. Cl>servationswere made on rrnrtal ity, 
height growth, development of the established root system, and the fonnation of 
adventitious roots. MOrtality occurred among seedlings of five species-
cherrybark oak, Shurrard oak, sugarberry, cottonwood, and American elm. 
Cherrybark oak was the only species to experience rrnrtal ity after 15 days, and 
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had the highest mortality after 60 days (86.~k). The tops of all seedlings of 
the other 12 species were alive after 60 days of complete soil saturation. Nine 
species actually had faster height growth in soil saturated for 60 days than in 
unsaturated controls; in order of greatest to least difference, these species 
were green ash, water tupelo, pumpkin ash, pin oak, willow, sugarberry, 
cotto~, silver maple, and boxelder. Species whose height growth was 
adversely affected were Shumard oak, cherrybark oak, red rraple, sycamore, 
hackberry, sweetgun, willow oak, and elm. The roots of water tupelo, willow, 
pumpkin ash, and green ash continued to grow under completely saturated soi I 
conditions; the remaining species did not have any actively growing root tips 
after 30 days, but same (American elm, cottonwood, sycamore, silver rraple, and 
red rraple) had rrany adventitious roots. 

Howells, R.G. 1986. Guide to techniques for establishing \Wody and herbaceous 
vegetation in the fluctuation zones of Texas reservoirs. Texas Parks and 

Wi I d I i f e Depa r trnen t , Aus t i n , TX. 

This publication provides guidance on several aspects of \Wody and herbaceous 
plant establ istment, including propagule types, collection and storage of 
propagules, site selection and preparation, planting techniques, protection of 
plantings, post-plantingrraintenance, and monitoring. Bll>hasis is placed on the 
establishment of selected species which were indentified as suitable for 
establ istment in the fluctuating zones. The \Wody species selected are wi I low, 
cottonwood, buttonbush, swamp privet, sugarberry, baldcypress, and water tupelo. 
Relevant characteristics of each of these species are described; species are 
a I so frequent I y refer red to throughout the chapters on the aspects of 
establ i stment. 

Hunt, R., J.L. Byford, and J.L. Buckner. 1976. Hard\Wod regeneration and white
tailed deer campatibil ity on a large clearcut in an Alabarra flood plain. 
Southlands Experiment Forest Technical Note No. 37. ~odlands Department, 
Southern Kraft Division, International Paper Company, Bainbridge, GA. 

The prirrary objectives of this study were to determine if large clearcuts in 
bottanland hard\Wods \Wuld naturally regenerate with desirable species and if 
detrimental deer brCM~Sing\Wuld occur. T\W large clearcuts (435 and 490 acres), 
in an area about 35 mi north of Mbbile, AL, were chosen for study. Both 
clearcuts are subject to annual inundation fran overflow of the Mbbi le River for 
a 2- to 5-month period during winter and spring. After five growing seasons, 
both clearcut areas had adequate natural regeneration (1,769 and 1,822 
stars/acre). Initial large nl.IT'bers of deer (about 1/20 acres) did not harm the 
natural hardwood regeneration. At age 5, cottonwood, sycamore, and green ash 
daninated the first area; although they composed only 1~k of the total number 
of trees, they ranged fran 16-20 ft in average height. Red oaks and sugarberry 
rrade up 7~k of the trees in the second compartment, and averaged 2-5 ft in 
height. The differences in regeneration of the t\W clearcutswere probably the 
result of different stand histories: the second compartment had been high-graded 
several years before installation of the study; the first compartment was 
clearcut in 1968 and the second in 1969; and different amounts of seed were 
transported to the sites by floodwaters. 
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Johnson, R.L. 1979. Adequate oak regeneration--a problemwithout a solution? 
Pages 59-65 in l\llanagarent and uti I izationof oak. Proceedings of the seventh 
annual hardM>od S}fTPOSiunof the HardM:x>d Research Counci I; Cashiers, 1\C. 

Tv.o possible solutions to the problanof inadequate oak regeneration in existing 
southern hardwood stands are discussed: natural and artificial regeneration. 
The best opportunity for increasing the natural oak cmponent of existing stands 
is through proper hand I ing of natural oak reproduction. This rmy involve I ight 
thinning or she I terw>od cuts and/or ramval of carpeting shade-tolerant mid
story trees. In the section on artificial regeneration,both direct seeding and 
planting seed I ings are discussed. Direct seeding has often been unsuccessful 
in the past, pr irmr i ly due to rodent damge. Placing acorns in protective 
hardware-cloth cylinders has proved to be somewhat effective, but is too 
expensive to be used lll..lch in practice. Studies at Stonevi lie, 1\15, shON that 
direct sowing in cleared areas 3 acres or larger results in lll..lch less rodent 
damge than smaller openings or underplantingacorns in forests. Planted 
seed I ings, with V~eed control by straddle-cui t ivat ionand disking, resulted in 
several successful oak plots ranging fran 20 to 200 acres. Best results V~ere 
obtainedwi th seed I ings greater than 24 inches tall and at least 0.3 inches at 
the root collar. Planted oaks generally averaged a foot or tV\0 in annual height 
grONth for the first 1 or 2 years in the field, and increased to 3 or 4 ft/year 
in the third and fourth years of growth. Care lll..lst be taken vAlen planting old 
fields or cleared sitesvAlere desired oak species are absent. Also, in sare 
cases soil pH can be a critical consideration. For example, an experirrental 
planting of Nuttall, cherrybark, and water oaks failed on a rroist, fertile 
bottanlandsoil with a relativelyhigh pH (7.5), presUTBblybecause the seedlings 
were unable to extract iron fran the soi I. Experience indicates that oaks 
norrmlly found in areas inundated for extended periods can be successfully 
planted on higher, better-drainedsi tes, but the opposite is not true. 

Johnson, R.L. 1981a. Oak seeding- it can \Wrk. Southern Journal of Applied 
Forestry 5(1) :28-33. 

The article describes a direct-seeding trial in vAlich nearly 20,000 acorns of 
Nuttall oak V~ere s01111 in Sharkey clay soi I in the Delta Experirrental Forest near 
Stonevi lie, 1\15, to COllJare field germinatio_n of acorns at different presowing 
treatrrents, different sONing t irres, and different sONing depths. Acorns V~ere 
collected in NovaTt>er 1968 fran 14 parent trees and were placed in dry storage 
at 35-40 °F. Float tests V~ere used to eliminate unsound acorns, and sound acorns 
V~ere randanly assigned one of three stratification treatrrents: January sONing 
in the field; 3 rmnths additional storage at 35-40 °F in rmist sand coveredwi th 
burlap; or 3 rmnths additional storage at 35-40 °F in sealed polyethylene bags, 
4-mi Is thick. Acorns stratified in these three t reatrrentsV~ere then planted at 
1-, 2-, and 4-inch sowing depths. Acorns in the second tv.o stratification 

rrethods V~ere s01111 during the first 2 V~eeks of l\llay 1969 at a spacing of 5 by 10 
ft with 4 acorns planted in each spot. Rodents destroyed all acorns planted in 
undisturbed forest sites within a V~eek, and damged nearly three-fourthsof the 
acorns sown in 40 by 90ft cleared strips. Sowing in these tV\0 areas was 
considered a failure and not rmni tored further. Less than 51/o of the acorns s01111 
in 350 by 350 ft cleared plots V~ere disturbed by rodents. Acorns sown 1 inch 
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deep in January germinated significantly better (5~k of total sown) than any of 
the other eight combinations of stratification treabnents and sowing depths. 

Johnson, R.L. 1981b.~tland silvicultural systems. Pages 63-79 in Proceedings 
of the thirtieth annual forestry s~osiun, Louisiana State University, Baton 
Rouge. 

Silvicultural systems are discussed that are applicable to one or more species 
groups occurring on lowland sites in the Midsouth. The species groups are 
cottonwood, elm, sycamore, pecan, sugarberry, sweetgun, water oaks, red oaks, 
white oaks, mixed species; black wi I low; overcup oak, water hickory; elm-ash
sugarberry; and cypress-water tupelo. Each of these species groups is related 
to the type of physiographic site on which it is generally found. Cottonwood, 
black wi I low, overcup oak-water hickory, and cypress-water tupelo are best 
managed as even-aged species groups, while the other groups can be managed as 
even-aged or uneven-aged stands. Five regeneration systems are recognized for 
lowland hardwood forests and are briefly discussed, including single tree 
selection, group selection, seed tree, sheltenNOod, and clearcuts. A table 
summarizes the expected results of applying same of these generation systems to 
the species groups. 

Johnson, R.L. 1983. Nuttall oak direct seedings sti I I successful after 11 
years. U.S. Forest Service Research Note S0-301, NewOrleans, LA. 3 pp. 

This technical note reports on a successful Nuttall oak direct-seeding experiment 
on a Sharkey clay site in the Delta Experimental Forest, near Stoneville, MS. 
Forty-five hundred acorns were sown on an intensively-prepared site in April, 
1971. Sowing treatments included hand-planting and machine planting at depths 
of 2, 4, and 6 inches. The first seedlings appeared in early May fran acorns 
sown 2-inches deep; seedlings fran 6-inch-deep acorns appeared about 2 weeks 
later. Same earlier direct-seeding trials had failed due to rodent depredation 
of acorns, but in this case, less than 1~k of the acorns were believed to have 
been destoyed by rodents. Field germination ranged fran 2~k to 41%; better 
germination was obtained with hand sowing (versus machine) and 2-inch (versus 
deeper) sowing depths. OVeral I, 9~k of the seedlings alive after one growing 
seasonwere still alive after 11years, and no significant difference in survival 
existed among treabnents. The largest Nuttall oaks were 3-4 inches dbh and 20-
25 ft tall. About one-third of the 11-year-old trees were overtopped partially 
or completely. Naturally invading tree species were green ash, cottonwood, 
sugarberry, sweetgum, American elm, persimmon, and water hickory. Except for 
t\W 6-inch-dbh_, 35-foot-tall cottonwoods, however, the largest non-oaks were 
about the same size as the largest Nuttalls. 

Johnson, R.L., and R.C. Biesterfeldt. 1970. Forestation of hardwoods. Forest 
Fanner Novemer: 15, 36-38. 

Forestation of hardwoods by both natural regeneration and planting is discussed. 
In general, successful plantations of hardwoods depend on the forester's abi I i ty 
to choose the proper sites, species, and tree spacings. Sites usually cannot 
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be easilyrmdified to suit a particular species. Green ash, SV~eetgun, Nuttall 
and wi liON oak, sycamre, and cottollti\OOd are generally sui table for slackvvater 
sites. In areasvAlere water stands for m.Jch of the grONing season, green ash 
or Nuttall oak shou I d be pi anted; in s I i ght I y drier areas, cot tol'ltM>od and 
sycamre are recommended because of their rapid grONth. Spacing is the least 
illlJOrtant of the three initial choices, but becal'Bsrmre illlJOrtant as the stand 

develops. A key considerat ionvAlen deciding on spacing is the amunt of vwed 
control planned. If I itt le or no vwed control is planned, spacing should be as 
close as practical (no rmre than 6 by 6 ft); spacing should be 12 by 12 ft or 
wider if carpletevwed control is exercised. ~ed control is especiallycritical 
in cotto1'11100d plantations, but produces better results in all species. ~ed 
control ideally should be carried out unt i I the tree cr01111s close and shade-out 
carpetition. Based on the I imited data available, projections of tree size at 
age 10 for sui table sites are cott01'11100d, 60-80 ft in height and 6-8 inches dbh; 
S~~eetgun, 20-30 ft in height and 2-3 inches dbh; and yeiiON-poplarand sycamre, 
50-60 ft tall and 5-6 inches dbh. 

Johnson, R.L., and R.M. Krinard. 1985a. Oak seeding on an adverse site. U.S. 
Forest Service Research Note &:>-319, 4 pp. 

The study reports on Nuttall and water oak acorns s01111 on an old-field site of 
Sharkey clay soi I near Greenvi lie, IVS. The field had been fanred for 15-20 
years, and was typical of mmy rmrginal crop product ion sites in the region. 
Acornsvwre collected fran three Nuttall and three water oaks; the parent trees 
vwre selected because they produced di fferent-sizedacorns. Acorns vwre float-
tested, and non-floatersvwre stored at 35 to 40 °F for about 3 rmnths in 
polyethylene bags. Treatmmtsvwre cart>inat ionsof parent trees (i.e. different 
acorn sizes) and sONing depths (2, 4, and 6 inches). Acorns vwre hand-s01111 on 
a 4 by 10 ft spacing, with three acorns planted per hole. Twice during the first 
year, the strips betvwen each rONvwre rTDtWd. Seedling survival after one 
grONing season was 551/o for Nuttall oak and 351/o for water oak. Large water oak 
acorns did very poorly; if they are excluded, average seed I ing survival was 49%. 
Over 90% of Nuttall oak acorns germinated by late July; rmst water oak acorns 
germinated in August and Septarber. SOlVing depth of both species affected 
germination,VIhich decl inedwith depth; the best germinationdepthwas 2 inches. 
By the end of the first grONingseason, the tallest seedling per spot averaged 
0.56 ft for Nuttall oak and 0.26 ft for water oak. 

Johnson, R.L., and R.M. Krinard. 1985b. Regeneration of oaks by direct 
seeding. Pages 56-65 in Proceedings of the third S}fllJOSiun of southeastern 
hardM:>ods, Dothan, AL. U.S. Forest Service Southern Forest Experirrent Stat ion, 
New Or I eans, LA. 

Results of oak seeding research at Stonevi lie, IVS, and a nUTber of commercial 
seedingsare given. Research sites included eight in the Mississippi Delta, tv\0 
in minor streanbottan;, and'five in silty uplands. Catlrercial sitesvwre in 
the Mississippi Delta and si I ty uplands. Topics covered included anirml damge, 
species, site select ion, seed collect ion and storage, t irre of seeding, depth of 
seeding, rrethod of sONing, spacing, vwed control, survival and grONth, and the 
future of oak seeding. It was found that si te-preparedclearings of tV\0 acres 
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or more and old agricultural fields have less rodent damage than smaller 
clearings or plantings under a full forest canopy. Nuttall oak has consistently 
yielded the best results of the species tried to date, and, in general, red oaks 
genninatedbetter in the field than white oaks. Timing and duration of flooding 
and soi I type are key cons ide rations in site se I ect ion. Seed shou I d be coli ected 
soon after falling and placed in cold storage immediately. Acorns can be sown 
at any tirre of year, but June or July is best in flood-prone areas after the 
water has receded. Trials have been conducted with three planting depths: 2, 
4, and 6 inches; all can be successful, but a P-inch depth g~nerallx yields the 
best results. Spacing can vary, but should leave about 30 ft2/acorn. Intensive 
weed control by disking has been shown to improve early height and diarreter 
graNth. 

Johnson, R.L., and R.M Krinard. 1987. Direct seeding of southern oaks--a 
progress report. Pages 10-16 in Proceedings of the fifteenth annual hardwood 
S}411>osiun. Hardwood Research Counci I, IVIerrphis, lN. 

This paper sl.lllllarizes SQ'l'E of the experience gained since 1981 in the direct 
seeding of over 4,000 acres of land in the South. Most of these plantings have 
been on abandoned farm lands in floodplains. The report includes information 
on associated costs, seed handling, planting rrethods, survival, growth, and 
competition. Sowing in the winter generally produces the best results, although 
satisfactory results have also been obtained fran summer plantings, and, in the 
case of Nuttall oak, fran plantings done every month of the year. one possible 
advantage of sowing in winter is that acorns sown soon after collection (which 
is done in fall) seam to be damaged less by rodents. Although it is best to 
plant acorns as soon after collection as possible, the irregular occurrence of 
good seed crops may necessitate storing extra acorns in good years to offset 
future bad years. The cost of collecting acorns was estimated at $20.00/acre, 
and of storage, $0.50-$2.00/acre. Planting in large open fields has generally 
been done using modified soybean planters. Planting is easier and produces 
better results when the site has been well prepared. Burning, disking or cross
disking, and soi I pulverizing may be necessary, depending on the condition of 
the field. Smaller fields or openings in forests have been successfully planted 
by hand. Most land managers do not attempt to control weeds in old field 
plantings, but in a ffMI research trials, bushhoggingbetween rONS appears to have 
improved seedling survival and growth. Total costs of establishment by direct 
seeding, i ncl udi ng acorns, I abor, and site preparation, may range f ram $12.00-
50.00/acre. The paper concludes with a section on direct-seeding failure, which 
has been attributed to flooding, droughts, residual herbicides, poor quality 
acorns, and animal damage. 

Johnson, R.L., and T.L. Price. 1959. Resume of 20 years of hardwood management 
on the Delta Purchase Unit. Final Report. U.S. Forest Service Southern Forest 
Exper irrent Station, Nf:MI Or I eans, LA. 

Hardwood research on the Delta Purchase Unit, located near Rolling Fork, MS, is 
sl.lllllarized. The report begins with a detailed description of the Unit, including 
physiographic features, occurrence of wi I df ires and f I oods, climatic conditions, 
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vegetative features, and natural areas. Discussion of the forest mmagarent 
and research progran is divided into four sections: (1) fire, (2) cutting 
progran, (3) cull-and-V~eedtree deadening, and (4) planting. In 1945-58, there 
V~ere 35 different atterpts at planting, tot a I i ng approxirmte ly 700,000 trees. 
Green ash, sv.eetgun, cottollM>Od, baldcypress, Nuttall oak, and sycarore V~ere 
planted. l\lbst of the planting stock was 1-0 seed I ings gra1111 fran locally 
collected seed, but cotto111100dwas the rmjor except ion; cutt ingsV~ere used for 
this species. In a few cases, transplantedwi ld seed I ings (wi ldl ings)V~ere used. 
l\lbs t pI ant i ng was done during February and March, and pI ant i ng was done by hand 
under three conditions: (1) areas infestedwith heavy buckvine; (2) stand 
openings created by logging; and (3) stand conversion areas. Overall, 80lfo of 
the green ash, 73'/o of the baldcypress, 41% of the cotto111100d, and 1(Jl/o of the 
sweetgum plantings V~ere judged successful. All sycamre, Nuttall oak seed I ings 
and wi ldl ings, and green ash plant ingsV~ere failures. Based on average grONth 
of all plantations, cottonwood grew 3.0 ft/year, green ash 1.5 ft, and 
baldcypressand S~~eetgun, 1.2 ft. The paper discusses in detai I species results 
by physiographicsi te and the three planting site condi t ionsrrent ioned above. 

Jones, L. 1962. RecoiJIJiendations for successful storage of tree seed. U.S. 
Forest Service Tree Planters' Notes 55:9-20. 

This article provides recO'llrendat ionson rmisture content, terperatureand other 
seed storage considerations for a large nUTt>er of species and species groups, 
inc I ud i ng rms t bottanl and ha rdM>ods. Ins tori ng tree seed the fo I I ONi ng lll..IS t 
be considered: type of container, seedrmisture content, storage terperature 
and facilities, and seed condition. Several studies have shown that seed 
rmisture content rises during closed storage, and it is suggested that seed 
should be dried d01111 to the lo,wst recO'llrended level and rmisture content checked 
periodically,especially if the seed is to be stored longer than 1 year. Storage 
terperature should be held constant. Sare species, such as oaks, wi II benet it 
fran treatrrent for insects prior to storage, otherwise insectsrmy becare active 
again i111md i ate I y upon ramva I of the seeds fran storage. 

Kaszkurewicz, A., and P.Y. Burns. 1960. Growth of planted hardwoods on a 
bottanland terrace site in south Louisiana. LouisianaState UniversityForestry 
NoteNo. 37. LouisianaStateUniversity,BatonRouge. 2 pp. 

GrONth of a 30-year-old plantation of Nuttall oak, water oak, I ive oak, SVIICI11J 
chestnut oak, and yeiiON-poplar is described. The plantation is located on the 
Louisiana State University ccrrpus in Baton Rouge, and is described as foiiONS: 
a Mississippi River terrace (not subject to flooding); rrean annual terperature, 
68 °F; average annual rainfall, 59 inches; soi I, Lintonia si It loan (well
drained, 1%-2'/oslope, pH 5.8). The site was a forrrer agricultural field that 
was coveredwi th V~eeds and brush Vlhen the trees V~ere planted. Plant ingwas done 
by hand with 1-0 stock at about 10 by 10ft spacing. About 5 years after 
planting, the treesV~ere released franV~eed and brush carpetition.After 30 
years, except for Nuttall oak, the trees V~ere generally heal thy. Nuttall oak 
is not native to the site, Vlhichrmy be too dry; rmst of the Nuttall oaks had 
dying branches and tops, rough bark with insect holes, and a rmrked decrease in 
diareter grONth during the last 5 years. Yel I ON-poplar had the greatest average 
diareter grONth (14.7 inches) and height grONth (82ft). Nuttall oak dbh and 

30 



EPA-RS-20 17-0081491 NT_ 0000439 

height averaged 11.9 inches and 72 ft. Corresponding figures for the other 
speciesv.ere water oak, 11.7 inches and 75 ft; I ive oak, 10.2 inches and 66 ft; 
and 911a1p chestnut oak, 8.5 inches and 72 ft. Sweetgum was a significant invader 
species, averaging9.6 inches in dbh and 75 ft in height. 

Kellison, R.C., D.J.Frederick, andW.E. Gardner. 1981. Aguide for regen
erating and rranaging natural stands of southern hardwoods. North Carolina 
Agricultural Research Service Bullet in 463. 23 pp. 

This bulletin is prirmri lya guide for obtaining good natural regeneration fran 
existing stands of southern hardM>ods, but it contains sare infonmt ion that rmy 
aid in species select ion for unforested sites and rmnagarent of young stands. 
The guide has four rmjor sections: (1) planning for regeneration; (2) 
regeneration systEII'S; (3) species succession and stand developrent; and (4) 
species cmpositionand stocking control. Natural regeneration topics briefly 
discussed are stand conditions, site types, Vlklen to regenerate, response of 
species to release, and gr~h habits of seedling and coppice regeneration. 
RegenerationsystEII'S covered are single-treeselection, group selection, shelter
w:>Od, tree, and clearcut. A description of naturally-occurr ingsuccession on 
various site types and shade-tolerant undesired species is given. The last 
sect ion discusses rmnagarent of 1- to 25-year-old stands fran an econanically 
oriented t irrber product ion perspective. 

Kennedy, H.E., Jr. 1984. Hardwood growth and foliar nutrient concentrations 
best in clean cultivation treatrrents. Forest Ecology and IVIanagarent 8:117-
126. 

This article presents data on nine hardM>od species planted on a 4-ha canrerce 
si It loan site at Huntington Point, about 24 1m north of Greenvi lie, 1\15. The 
site had been recently cleared of a natural mixed hardM>od stand and prepared 
for planting by shearing, root raking, and disking. Tv.enty-four 1-year-old 
seed I ings or cottollti\Ood cuttings v.ere planted in February at 3 by 3m spacing 
in each plot. The species planted v.ere cottorw:>od, sycamre, Nuttall oak, 
cherrybarkoak, water oak, pecan, green ash, SV~eetgun, and yeiiON-poplar. Ole 
of three cultural treatrrents--nocultivation, ITDIIfing, or clean cultivation 
(cross-disking plus hoeing)- -was randanly assigned to a plot. Gr~h and 
survival of yeiiON-poplarwas excellent during the first grONing season, but 
all the seed I ingsv.ere ki lied during the second seasonVIhen the site was flooded 
to a depth of 1.8m fran lateiVIarch to lateiVIay. None of the other specieswas 
hanred by the flood. Nuttall, cherrybark, and water oak had poor survival and 
grONth, Vlhich was probably due to the high soi I pH (8.0). Survival and height 
and diareter grONth v.ere significantly higher in the clean cui t iva ted plots. 
After 4 years, height and diareter gr~h v.ere highest for cottollM>Od, foliO/led 
by sycarore, green ash, SV~eetgun, and pecan. Average survival was a>!o (excluding 
the oaks and yeiiON-poplar) for the clean cui t ivatedplots, 651/o for ITDI\ed plots, 
and 61% for uncul t ivatedplots. 

Kennedy, H.E., Jr., and R.M. Krinard. 1974. 1973 Mississippi River flood's 
impact on natural hardwood forests and plantations. U.S. Forest Service 
Research Note S0-177. 6 pp. 
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The impacts of the 1973 Mississippi River spring flood (6-11 ft rraximum depth) 
on bottanland harcll.wod species are described. l'vbst of the damge was to planted 
and natural bottanland hardwood stands less than 1 year old. Species suffering 
heavy mortality included cottonwood, sweetgun, yellow-poplar, and Shumard oak; 
sycarore and green ash plantings sha~~~ed good survival. All yellow-poplar of all 
ages were killed. Trees of other species that were older than 1 year suffered 
same darrage but were generally able to survive the flood. There were same 
indications that seedlings survived better than planted cuttings. The length 
of tirre of inundation seamed to be a factor in overall tree survival. Nuttall 
oak acorns that were direct-seeded the year before survived the flood. Siltation 
of up to 5 ft occurred, but did not adversely affect well established trees. 
Gocygen levels in the flood waters were generally adequate and did not appear to 
be a pr irre cause of mor ta I i ty. 

Kennedy, H.E., Jr., and R.M. Krinard. 1985. Shumard oaks successfully planted 
on high pH soils. U.S. Forest Service Research Note S0-321, New Orleans, LA. 
3 pp. 

This paper reveals that many Mississippi riverfront soils are devoid of oak 
forests, and planting trials with Nuttall, cherrybark, and water oaks have not 
been successful on such soi Is. Ole reason rray be the high pH of rrany riverfront 
sites, which rray range fran 7. 5 to 8. 0. Three trials with Shumard oak, ha~~~ever, 
have proved successful. Shumard oak was planted in 1959 at Archer Island in 
~shington County, MS, on Robinsonvi lie sandy loan, and at Huntington Point in 
Bolivar County, MS, in 1974 and 1975 on Commerce silt loams. Nursery-grown, 
1-0 bareroot seedlings were planted at 10 by 10 ft spacings on sites that were 
cleared of a natural stand of mixed hardwoods and prepared by shearing, root 
raking, and disking. Plantings were clean cultivated during the first growing 
season, but no intensive weed control was applied afterwards. After both 12 and 
25 growing seasons, survival averaged 8~k at Archer Island. Survival at 
Huntington Point was 7~k after 10 growing seasons at one site and 8~k after 11 
growing seasons at the other site. Diarreter growth averaged 0.5 inch/year for 
all three plantings, while height growth averaged 3.0 to 4.0 ft/year. Inanother 
study, Nuttall, water, and cherrybark oaks were planted within 200 ft of one of 
the Shumard oak plantings at Huntington Point. The leaves of the fonner three 
species turned ve 11 ow earlY in each QfOWi nq season, and the trees grew_ very 
I itt I e. After four growing seasons, survival was only 10%-40%. 

Kennedy, H.E., Jr., B.E. Schlaegel, and R.M. Krinard. 1986. Nutrient distri
bution and tree development through age 8 of four oaks planted at five spacings 
in a minor stream bottan. Pages 65-70 in Proceedings of the 1986 southern 
forest biomass workshop, Knoxville, TN. 

This paper reports on the results of experirrents with eight harcll.wod species 
planted at five spacings in a minor stream bottan in southeastern Arkansas, about 
10 mi south of l'vbnticello. The species planted were water, Nuttall, cherrybark, 
and swamp chestnut oaks, sycarore, sweetgun, cottonwood, and green ash; however, 
only data fran the oaks were presented in the paper. The soil series was 
Arkabutla, a somewhat poorly drained silty alluvium. Spacings used were 2 by 
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8, 3 by 8, 4 by 8, and 12 by 12 ft; the min imm of 8 ft between rCM/5 was chosen 
to allow cultivation during the first growing season. Data are presented on 
total dry weight of trees (without leaves) per acre, cubic feet of wood per acre, 
leaf weights per acre, survival, dbh, and height after eight growing seasons. 
Spacing significantly affected all variables, except survival and height, and 
all variables except survival were different for the various species. Survival 
for a I I oak species ranged fran 7ff/o for 8 by 8 f t spacing, to 83% for 4 by 8 and 
12 by 12 ft spacing. ~ter oak had the largest average dbh (2.2 inches) and the 
largest average height (20.1 ft), followed by Nuttall oak (2.1 inches and 16.7 
ft), cherrybarkoak (1.8 inches and 15.8 ft), and swamp chestnut oak (1.3 inches 
and 11.0 ft). Yields (by weight and voh.rne) were larger with S11"BII spacings, 
though yields per tree were lower. 

Klawitter, R.A. 1963. Sweetgun, swamp tupelo, and water tupelo sites in a South 
carol ina bottanland forest. Ph.D. Dissertation. Duke University, Durham, NC. 

Sweetgun, swamp tupelo, and water tupelo habitats were studied in a coastal plain 
bottanland forest adjacent to the Santee River in South carolina. Site variables 
evaluated included elevation, hydrology, woody understory vegetation, and soil 
characteristics. Results showed that sweetgum sites were better drained, with 
a higher pH, than tupelo sites. ~ter tupelo soi Is exhibited greater clay 
content and depth of flooding; swamp tupelo soils showed lowest pH. Abundant 
soi I moisture and long hydroperiods were positively related to growth of water 
tupelo. Laurel oak in the understorywas associatedwithwell-drainedsites at 
the lower rrargins of first bottoms. Green ash preferred swampy sites that 
remained wet for long periods without deep flooding. Arerican elm occurred 

mostly along the upper slopes of the swamp and lower edges of the first bottan. 
carolina ash, red rraple, and green ash decreased in abundancewith the increased 
height of water tupelo. 

Krinard, R.M., and R.L. Johnson. 1976. El-year growth and development of bald 
cypress planted on a flood-prone site. U.S. Forest Service Research NoteS0-
217, New Orleans, LA. 4 pp. 

Results are given of a study in which a total of 896 one-year-old cypress 
seedlings were planted on a Sharkey clay site in the Delta Experimental Forest 
in ~shington County, rvs, in February 1955. The site was about 2<Jl/o ridge, 2<Jl/o 
slough, and 6<Jl/o flat-slough,with a 3-ft difference in elevation between the flat 
and the slough. About 1-2ft of water covered the slough in winter. The site 
flooded frequently, and three earlier attempts to plant cottonwoods in the area 
failed due to excessive flooding and heavy canpetition fran vines. Survival 
after 21 years was 41%, but sane of the cypress were suppressed and were not 
expected to survive much longer. Invading species noted were green ash, 
boxelder, sugarberry, persimmn, blackwi I low, and cottonwood, which collectively 
accounted for about 28'/o of the tot a I density. Density of cypress was about 74%. 

Krinard, R.M., and R.L. Johnson. 1981. Flooding, beavers and hardwood seedling 
survival. U.S. Forest Service Research Note S0-270, New Orleans, LA. 6 pp. 
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Trial plantings made for three successive years on cleared, clay-capped batture 
land at Ajax Bar in lssaquena County, MS, are discussed. Seven species were 
planted, including cottonwood, sycamore, green ash, sugarberry, swamp chestnut 
oak, Shumard oak, and pecan. In the first year there was no flooding, but during 
the second year flooding occurred for varying periods fran late winter through 
early sunner. No beaver danage was noted when there was no flooding, but during 
the flooded periods, significant damage to all species (with the possible 
exception of sycamore) was observed. The beavers apparently damaged the 
seedlings while they were in shaiiON water, pulling the seedlings out of the 
ground and eating the root system up to about the root collar. Consecutive long 
rows of danaged trees were observed. Up to 4~k of the seedlings of same species 

were destroyed. Shumard oak was hurt most by the floods, and green ash and 
sycamore fared best. Green ash and sycamore are recommended for planting if 
substantial first-year flooding is likely. 

Krinard, R.M., and H.E. Kennedy, Jr. 1981. GrONth and yields of 5-year-old 
planted hardwoods on Sharkey clay soi I. U.S. Forest Service Research Note 
50-271, NewOrleans, LA. 3 pp. 

Cottonwood, sycamore, green ash, sweetgun, and Nuttall oak seed I ings were planted 
on a Sharkey clay site. The seedlings were planted on a 10 by 10ft spacing, 
and the plots were cross-disked or rrowed three to five times a year for six 
grONing seasons. Before the sixth season, height and diameter of all trees were 
measured, and a total of 12 trees of each species were felled and weighed. l'vblved 
plots of sweetgum and Nuttall oak were not considered because survival was less 
than or equal to 5~k. Survival on the other plots ranged fran 81o/o for rrowed 
cottonwood to 9~k for disked sycamore. ~ether rrowed or disked, sycamore and 
green ash had 9~k or better survival. Mean dbh and height ranged fran4.0 inches 
and 25.8 ft for disked cottonwood to 1.0 inch and 8.6 ft for disked Nuttall oak. 
Oisked plots consistently had higher survival and better diameter and height 
grONth than rrowed plots. 

Krinard, R.M., and H.E. Kennedy, Jr. 1983. Ten-year grONth of five planted 
hardwood species with mechanical weed control on Sharkey clay soil. U.S. 
Forest Service Research Note 50-303, New Orleans, LA. 4 pp. 

Studies on mechanical weed control are reported for five species of southern 
hardwoods (cottonwood, sycamore, green ash, sweetgun, and Nuttall oak) that were 
planted on a Sharkey clay site on the Delta Experimental Forest, near Stoneville, 
MS. Plots, consisting of 24 trees of one species planted on a 10 by 10 ft 
spacing, were rrowed or disked fran three to five times annually for the first 
5 years. After the fifth year, plots with 8~k or more survival for trees more 
than 4.5 ft tal I were thinned to six trees each, or an equivalent of 20 by 20 
ft spacing. Mbwing or disking treatments, one to three times annually, for years 
6-10 were randanly assigned. Same plots were rrowed or disked each year for 10 
years; same plots were rrowed the first 5 years and disked years 6-10, and same 
were disked the first 5 years and rrowed years 6-10. Disking resulted in better 
grONth of all species over the first 5 years, but for years 6-10, there was only 
a slight difference in height, dbh, or volune between treatments. Overall height 
growth through 10 years was fran 1.7 to 4.9 ft/year, depending on species
treatment combination. Cottonwood was the tallest species overall after 10 
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years, foii<M~ed by sycarore, green ash, sweetgun, and Nuttall oak. Soi I rmisture 
was not significantly different between treatments, and after 10 years there was 
no significant difference in soil properties (pH, organic rratter, N, P, K, ca, 
and Mg) between treatments. 

Krinard, R.M., and H.E. Kennedy, Jr. 1987. Fifteen-year gr0111th of six planted 
hardwood species on Sharkey clay soil. U.S. Forest Service Research NoteS0-
336, New Orleans, LA. 4 pp. 

This article discusses further results (see Krinard and Kennedy 1983) of ~ing 
and disking experirrents on six hardwood species (cottonwood, sycarore, green ash, 
sweetgun, Nuttall oak, and pecan) which were planted on a Sharkey clay site on 
the Delta Experirrental Forest, near Stoneville, rvs. MOI\fing or disking treatments 
for years 6 through 10 were found to have I ittle effect on graNth; therefore, 
results are discussed relative to the first 5 years of weed control treatments. 
At age 15, trees on plots disked the first 5 years were significantly taller and 
larger in dbh than trees on ITDWed plots, but overall the differences were only 
1.3 ft in height and 0.6 inches in dbh. The relatively small differences after 
age 15 imply different graNth patterns for trees indisked versus ITDWed plots. 
one possible explanation is that ~ing, which results in higher competition 
initially, rray cause tree roots to grow deeper where extra nutrients and water 

rray speed gr0111th in later years. Average dbh and height after 15 years on the 
disked plots were: cottonwood, 11.0 inches and 60.4 ft; sycarore, 6.5 inches 
and 37.7 ft; green ash, 6.5 inches and 36.3 ft; sweetgum, 5.9 inches and 30.6 
ft; Nuttall oak, 5.8 inches and 20.2 ft; and pecan, 3.4 inches and 21.7 ft. 

Larsen, H.S. 1963. Effects of soaking in water on acorn germination of four 
southern oaks. Forest Science 9(2) :236-241. 

Southern red oak, willow oak, laurel oak, and overcup oak were tested to 
determine whether flooding is instrurrental in controlling the distribution of 
same southern oaks by differential effects on acorn germination. Two soaking 
variables were tested: length of soaking and water temperature. Soaking periods 
were 1, 2, 4, and 8 weeks. Two temperature levels were imposed--the first a 
controlled range of 44.0-46.6 °F, and the second an unregulated diurnally 
fluctuating range of 55-64 °F. Lots of 50 acorns each were subjected to each 
tirre/temperature treatrrent, with unsoaked lots of each species serving as 
controls. After soaking, all seed lots were sown sirrultaneously in rmist sand 
at a depth of 1/2 to 3/4 inches, and kept at a soi I temperature of 73-81 °F. 
The results did not support the hypothesis that injury to acorns by flooding is 
a prirrary reason for exclusion of dry-site species fran bottanland sites. 
Average germination for all soaking treatments for southern red oak (the driest
site species tested) was 87%, compared to 9~k for unsoaked acorns. The minimum 
germination observed was 6~k for laurel oak soaked for 2 weeks, compared to 7~k 
for the control. Overcup oak had the lowest overall germination (82%), but 
sh<M~ed improvement in a second test when the acorn shells were opened prior to 
soaking. 
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Leitrmn, H.M., J.E.Solm, and M.A. Frankl in. 1983. ~tland hydrology and tree 
distributionof the ApalachicolaRiver flood plain, Florida. U.S. Geological 
SurveyWlter Supply Paper 2196, Alexandria, VA. 52 pp. 

This assessrent focuses on hydrology and product ivi tyof the floodplain forest 
associatedwi th the Apalachicola River in norttv.est Florida. Forest types V~ere 
found to be highly correlatedwi th depth of water, duration of inundation and 
saturation, and water-level fluctuation, but not water velocity. l\lbst types 
daninated by tupelo and baldcypressgre,v on penmnent lysaturated soi Is inundated 
50%-90% of the tirre (an average of 75-225 consecutive days during the grONing 
seasons fran 1958-80). l\lbst forest types daninated by other species gre,v in 
areas saturated or flooded 51/o-251/o of the t irre (an average of 5-40 consecutive 
days during the grONing seasons fran 1958-80). Average basal area and density 
for a II forest areas satpled V~ere 46.2 m2/ha and 1, 540 t rees/ha, respectively. 
The relative tolerance of bottanland tree species to inundation is discussed. 

Limstran, G.A. 1960. Forestation of strip-mined land in the central states. 
U.S. Forest Service Central States Forest Experirrent Station Agricultural 
Handbook No. 166, Wlshington, OC. 74 pp. 

The pub I icat ion is an excellent technical guidebook based on research studies 
beginning in 1937. The author notes that commonly accepted reforestation 
practices are not always successful because strip-mine spoil banks are so 
different franrmst natural planting sites physically, chemically, and 
biologically. EiTphasis is placed on theVIhere, Vlhen, and hONof tree planting 
on mined lands as related to exist ingmining and reclamt ionrrethods. The report 
includes recanrendat ions and discussions of the effects of various site condi-
tions and planting rrethods. Several typical bottanland forest species are 
included in the data and discussion, including green ash, eastern cotto1'11100d, 
silver rmple, and sycamre. Also discussed are the detrirrental effects of 
grading on soi I rmisture and aeration, and the ecology of natural forestation. 

Limstran, G.A. 1963. Forest planting practice in the central States. U.S. 
Forest Service Central States Forest Experirrent Stat ion Agricultural Handbook 
247, Wlshington, OC. 69 pp. 

This handbook provides useful guidance on a mrrber of topics including species 
selection for various sites, site preparation, Vlhere to obtain trees, quality 
and care of planting stock, plant ingrrethods and patterns, care and rmnagarent 
of plantations, forest pests and diseases, hON to rmke planting plans, and 
treatrrent of seeds. The States included are Illinois, Indiana, IONa, Kentucky, 
Missouri, and Ohio. 

Lotti, T. 1959. Selecting sound acorns for planting bottanland hardMx>d sites. 
Journal of Forestry 57:923. 

The article discussesrrethods of detennining the viabl i ty of acorns to be used 
for planting hardMx>ds. Nut or acorn V~eevi Is seriously I imi t the viabi I i ty of 
acorns. Flotation in water is a camDilly acceptedrrethod of separating weeviled 
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fran sound acorns before planting; sound acorns usually sink. The soundness of 
Shumard oak and cherrybark oak acorns, however, can be judged with certainty by 
the color of the basal or cup scar. If the circular scar is a I ight tan, the 
acorn is sound; if a dull brown, the acorn is defective. These color rela-
tionships are easily established in actual practice. Since Shumard and 
cherrybark are red oaks, this method rray have a broader application to the red 
oak group. The method does not work well, however, with swamp chestnut oak, 
which belongs to the white oak group. The success of the visual selection, as 
evidenced by high germination percentages, rrakes further weevil treatment 
unnecessary. 

Loucks, VV.L., and R.A. Keen. 1973. Submersion tolerance of selected seedling 
trees. Journal of Forestry 71:496-497. 

This Kansas study helps to identify seedlings which have high submersion 
tolerance. Seedlings of 10 species were covered with 2ft of water for periods 
of 1, 2, 3, and 4 weeks to test submersion tolerance. The seedl ingswere planted 
in five flat-bottan ponds constructed near Manhattan, KS, in an area of ~re 
si I ty clay loan soi I. Four of the ponds were fi lied with well water and one was 
left unflooded as a control. Species planted were green ash, baldcypress, silver 

rrap I e, pecan, cot tomM>od, honey I ocus t, bur oak, boxe I de r, Siberian elm, and b I ack 
walnut. There was no significant rrnrta I i ty in any species in the 1- and 2-week 
submersion treatments. In the 3-week treatment, survival was still 10~k for 
green ash, baldcypress, cottomM>od, and silver rraple, but dropped to between 44% 
and 6~k for the remaining species. Survival after 4 weeks ranged fran zero for 
black walnut to 10~k for green ash and baldcypress. The remaining species in 
order of survival fran highest to lowest were silver rraple, pecan, cottonwood, 
honeylocust, bur oak, boxelder, and Siberian elm. 

Maisenhelder, L.C., and C.A. Heavrin. 1957. Silvics and silviculture of the 
pioneer hardwoods--cottomM>od and willow. Pages 73-75 in Proceedings of the 
1956 annual meeting of the Society of American Foresters. 

The authors cover five topics related to the silvics and silviculture of 
cottomM>od and wi I low in the lower Mississippi Valley: (1) site developnent, (2) 
seedling establishment, (3) establishment and growth, (4) natural enanies, and 
(5) artificial regeneration. The site developnent section describes the 
forrration of new land on "point bars" in the river, where cottomM>od and wi I low 
typically are found. The next two sections describe the natural establishment 
and growth of cottonwood and willow on these new lands. Natural enemies 
discussed in the fourth section include fire (both cottomM>odandwilloware very 
susceptible); sustained submergence of young trees during the growing season; 
cattle, hog, and deer browsing; and defoliating insects, especially on 
cottonwood. The final section briefly describes propagation and plantation 
establishment fran cuttings, which is especially sui tab I e for clearcut areas and 
old agr i cui tural fields. It is reccnmmded that cuttings be taken fran 1- to 
3-year-old seedlings or sprouts; individual cuttings should be about 20 inches 
long and fran 3/8 to 3/4 inches diameter at the small end. The cuttings should 
be placed 15 inches into the ground; planting into a slit rrade by a sub-soil plow 
is preferable to using a planting bar if tree roots are not a problem. Spacing 
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of about 10 by 10 ft is desirable to all~ for weed control. V\eeds should not 
be allowed to exceed three-fourths of the height of the seedlings during the 
first gr~ing season. On good sites under favorable conditions, first year 
survivals of 75%-90% rray be expected, with an average height gr~th of about 5 
ft. Gr~h of 10 ft in height and 1 inch in dbh have been attained. 

Maki, T.E., A.J.\1\eber, D.W. Hazel, S.C. Hunter, B.T. Hyberg, D.M. Fl inchun, J.P. 
Lollis,J.B.Rognstad, and J.D.Gregory. 1980. Effects of strean channeliza
tion on bottanland and swamp forest ecosystems. University of North Carolina, 
~ter Resources Research Institute, Raleigh. 

This study evaluates the effects of strean channelization on the bottomland
swamp forest ecosystems of eastern North Carolina. Groundwater regimes in the 
floodplains were monitored to provide a basis to compare plant communities. 
Aboveground bi anass of shrub and herbaceous vegetation was found to be inversely 
related to the number of inundation periods per year. Competition fran this 
"lesser vegetation" was deleterious to planted and naturally regenerated tree 
seedlings along the channelized streams. Regeneration of water tupelo, swamp 
blackgun, and baldcypress appeared to have been reduced in channelized areas; 
these species were particularly sensitive to competition fran overstory 
vegetation and the profusion of vines, grasses, and briars associated with the 
decrease of groundwater levels in channelized swamps. Survival and gr~th of 
planted tupelo seedlings were greater along non-channelized streams than along 
channelized streams; the latter seedlings were adversely affected by fierce 
competition fran honeysuckle and blackberry canes. Regeneration in cutover areas 
was sometimes less than in non-cut areas because the cutover areas exhibited an 
increase in vines, briars, and other woody reproduction which precluded the 
reestabl i stment of trees. This situation cou I d persist for an indefinite period 
of time unless flooding or same other factors reduce competition. For can
parison, the authors reported on a well-rranaged swamp forest stand along the 
Roanoke River at Tillery, Halifax County, NC, that originated fran a clearcut 
of a tupelo tract about 70 years earlier. With little or no overstory 
competition, water tupelo and same baldcypress becane established and grewwell. 
After about 70 years, the Tillery stand contained a standing volume of about 
1,000 m3jha in non-cut areas and fran 350 to 625 m3/ha in areas thinned in 1962. 

Malac, B.F., and R.D. Heeren. 1979. Hardwood plantation rranagement. Southern 
Journal of Applied Forestry 3(1):3-6. 

In this paper, same of the hardwood silvicultural practices of Union Canp 
Corporation are detailed. These practices are based on 10 years of hardwood 
plantation research carried out near Franklin, VA, and include seed collection, 
site selection, planting stock, site clearing, site preparation, planting, 
spacing, competition control, fertilization, harvesting, and coppicing. Species 
planted include sycamore, green ash, sweetgum, and wil 1~. water, and laurel 
oaks. All seed is collected fran the best available local trees, but the company 
is in the process of developing clonal seed orchards. Sites chosen for planting 
hardwoods have a sandy loan or loan surface fairly high in organic rratter, are 
moderatelywell-drained, and have a water table to within 4 inches of the surface 
during portions of the year. Only large, healthy seedlings, with a mininun root 
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collar diareter of 3/8 inch and a top height of at least 2 ft are planted. All 
sites are intensivelycleared, except for recentlyabandonedagriculturalland. 
Sare sites are disked prior to planting, abandoned fields with piON pans or 
shall ON topsoi I are subsoi led, and VIet sites are bedded. Seed I ings are planted 
with tractor-drCNIIlTBchine plantersrmdi f ied to handle large seed I ings. Sycamre 
and the oaks are planted on a 10 by 10 ft spacing and green ash and sweetgum on 
a 8 by 12 ft spacing. Depending on site and V~eed grONth, plantations are disked 
on the average of tV\0 to three t irres a year for at least the first 2 years. As 
a rule, fertilizer is applied during the first cultivation;applicationsvary, 
but often about 250 lb/acre of triple superphosphateor diauroniunphosphateare 
used. Harvesting is planned for between ages 12 and 15, with coppice 
regenerationfor at least bNo rotations. 

IVtDenrott, R.E. 1954. Effects of saturated soi I on seed I ing grONth of sare 
bottanl and hard.M>od species. Ecology 35(1) :36-41. 

This study focuses on seedling survival in saturated soi Is. Young seedlings 
(less than 1-ITDnth-old) of Arerican elm, winged elm, red rmple, sycamre, hazel 
alder, and river birch V~ere subjected to saturated soi I conditions for periods 
of 0, 1, 2, 4, 8, 16, and 32 days. Each treatrrentwas applied to 20 seed I ings 
in four pots of five seed I ingsper pot. After flooding, the seed I ingsV~ere kept 
at or above field capacity under conditions of about 5(Jl/o sun I ight and at high 
soi I tarperatures. Heights of the seed I ingsV~ere rreasured at the end of 32, 42, 
and 52 days. Ccnpared to the no-flooding controls, all species sh011ed patterns 
of stunting in height grONth. River birch shOI\ed evidence of stunting for all 
saturation periods greater than 1 day, and red rmple was stunted by all but the 
4-day saturation period. Both species recovered rapidly in V~ell-drainedsoi I 
conditions. Sycamrewas significantlystunted only by the 32-day treatrrent, 
but recovered fairly rapidly. Arerican elm was not affected by 1 or 2 days of 
saturation, had minor stunting after 4 days of saturation, and was perrmnent ly 
stunted by 8-, 16-, and 32-day saturation periods. Winged elm sh0111ed a 
beneficial effect of a 1-day saturation; 2, 4, and 8 days had no apparent effect, 
and 16 and 32 days of saturation had a negative effect on grONth. Hazel alder 
height grONthwas prarotedby all saturationperiodsexcept 32 days, forVIklich 
no significant effect was found. Survival for hazel alder after 32 days 
saturation was only 40%, Vlklich is unusually ION, COllJared to 10(Jl/o survival for 
red rmple, the elm;, and river birch, and 951/o for sycamre. 

McElwee, R.L. 1965. Direct seeding hard.M>ods in river bottan:; and coastal 
plains. Pages 110-115 in Proceedings of the direct seeding\Wrkshops, 
Alexandria, LA, and Tallahassee, FL. 

In this S}fTPOSiun presentation, the author addresses three quest ions: (1) Wly 
direct seed? (2) Wlat are sare inportant considerations for direct seeding? and 
(3) Can VIe regenerate bottanland hard.M>od areas by direct seeding based on 
current knowledge of the subject? Direct seeding is advantageous in same 
bottanland situations because it costs about 25%-33% as lll..lch and requires less 
labor than hand-planting, Vlklich is often required in bottanland areas because 
of saturated soi Is. The effects of root disturbance fran I i ft ing and outplant ing 
hard.M>od seed I ings are also eliminated. lnportant considerations for direct 
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seeding include species, site, and equipment available. Mbst important 
bottanland species perform better an sites that have been disked or bladed so 
that mineral soi I is exposed. l'vbst species do better in full sunlight, and 
require protection fran seed predators. Enough is known about direct seeding 
for successful application in same cases, but more needs to be learned about 
species-site relationships; what site preparation is needed; collection and 
storage of seed; sowing rates; and protection fran rodents. 

McKnight, J.S., and R.L. Johnson. 1966. The techniques of growing harcll.wods. 
Forest Fanner 25(7}: 59-68. 

Management of southern hardwoods, including initial planning, protection, 
improvement of abused stands, thinning, harvesting systems, and artificial 
regeneration, is discussed. lnfonnative tables are presented on utility classes; 
lo-year average diameter growth rates for 13 species and species groups in 
unmanaged stands; expected regeneration following harvest cutting systems in 
different species associations; soil suitability by species and physiographic 
zones; and planting infonnation. The latter table contains infonnation for 9 
species or species groups on recommended length for root pruning, top length, 
and root collar diameter; adaptability to machine planting; response to 
fertilizer; usual first year growth: suitabi; ltv fer wet sites; and 
susceptibi I ity to browsing and insect damage, I he section on artificial 
regeneration lists five major rules that have been developed: (1) match species 
to sites (the soi I suitabi I ity and physiographi~ zones are referred to as 
guidance); (2) prepare the planting site properly (which rreans removal of 
C011leting vegetation and, in abandoned fields, subsoi I ing); (3) use good planting 
stock; (4) plant properly: harcll.wod seedlings are easily damaged by exposure of 
roots to drying or planting at improper depths; and (5) care for the new 
plantation properly: control of weeds increases the early growth of all species, 
especially cotto1"11.Wod. l'vbre needs to be learned about plantation establ ishrent 
on degraded agricultural fields, optimal spacing, and direct seeding. 

l'vbore, W. H. 
f I a tv.oods . 

1950. Survival and growth of oaks planted for wildlife in the 
U.S. Forest S:;ni~e P~st<irch Note SE-286, Ashevi lie, NC. 4 pp. 

This research note reports on an experirrent to assess the potential for creation 
of hammocks. Two-year-old live oak and laurel oak seedlings were planted in a 
cut-over pine flatwoods area in Charlotte County, FL. The predaninant soil 
series in the area are the Immokalee (pine-palmetto), which are imperfectly 
drained acid sands with an organic-stained pan, and Charlotte (wet prairie), 
which are poorly drained shallow sands over calcareous materials; both soi Is are 
saturated much of the year. Treatrrent pi ots were established to C011lare the tv.o 
oak species; sites (pi ne-palrretto versus wet prairie); I i vestock grazing (grazed 
versus ungrazed); and site preparation (bedding versus til ling). Beds were 4-
5 m across, 45-60 an high, well-drained, and devoid of vegetation. After 8 
years, survival of I ive oak was 9~k and laurel oak, 7~k. No significant 
differences were found between sites, site preparation, and grazing treatrrent. 
The better survival of live oak may have been due to the unusually dry year 
following outplanting; live oak appeared better able to survive on the drier 
planting sites. Height growth was influenced by species, site preparation (the 
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rmst inportant factor), and grazing treatmmt. Trees on t i lied plots grEW I itt le 
(averaging only 0.1 m/yr). 01 beds, I ive oak averaged 2.1 m after 8 years and 
laurel oak, 1.3 m. Both species grEW better on ungrazed plots; no significant 
d i f fer ence was found be tv.een the pi ne-pa lrre tt o and VIet p r a i r i e s i t es . Resu I t s 
indicated that beddingv.ould be required to establish oaks in the ION flatv.oods 
of south Florida. 

Nawrot, J.R., and S.C. Yaich. 1983. Slurry pond forestation: potential and 
probiSTS. Pages 180-194 in Proceedings of the third annual conference on 
befter reclam'fionwith trees. Purdue University, Terre Haute, IN. 

The paper discusses factors inportant to reforestat ionefforts on inactive slurry 
illlJoundrents in Illinois and Indiana. Techniques for correcting problans 
associatedwi th acid-base balance, surface stabi I i ty, and rmisture zones are 
covered. Earlier studies had revealed that hydrophytic species such as 
baldcypressand river birch survivedV~ell in rmist soi I zones near inpoundrent 
decant areas, and exhibited grONth rates carparable to those of individuals 
grONing in natural soi Is. Other species expected to exhibit good survival and 
grONth include green ash, pin oak, SVIIa1ll Vlkli te oak, persimron, silver ITBple, 
black locust, and sycamore. The authors note the value of black locust as a 
nurse crop for rTBrginal sites; a I i tter layer and organicenrichedzone extending 
1.5-2 inches into the slurry surface occurred on a 25-year-old inactive site. 
Because of the highly unpredictablesi te conditions that ITBY exist within various 
slurry illlJoundnents because of coal-seamgeology, mining and preparation 
practices, disposalrTBnagarent, and the period and extent of V~eathering and 
leaching, nl.ITErous factors should be evaluated prior to planting to avoid poor 
planting success or carplete failure. These factors include hydrogeochanical 
conditions, nutrient and neutral izat ionanmdrent requi rarentsand application, 
organic rTBtter enhancerrent, rmisture extrerre regulation, and terrperature 
rmderat ion. 

Ne I son, T .C. 1957. Rooting and air -I ayer i ng sore southern hardM>ods. 1 n 
Proceedings of the fourth southern conference on forest tree illlJroverrent; 
January 8-9, 1957; Athens,~. 

This paper summarizes studies that have been undenNBy at the Athens-Macon 
Research Center of the Southeastern Forest Experirrent Stat ion. The studies had 
tV\0 rTBin objectives: (1) to increase the mrrber of species that can be success
fully planted fran cuttings in the Georgia Piedmnt; and (2) to developrrethods 
of vegetative propagation necessary for v.ork in hardM:>od genetics and tree 
illlJrovarent. Propagation in nursery beds through rooting of hardM:>od cuttings 
has been successful for cottOI"W>>d, sycamore, and yeiiON-poplar, though only the 
first tV\0 species V~ere then successfully out -planted. A half -acre out -planting 
of cottoi"NNIod cuttings on a bottanland site near Athens, ~' had a 1-year 
survival of 88>/o and an average height of 7 ft. The best trials with sycamore 
had 65>/o survival and a rTBximmheight grONth of 8 ft after one grONing season. 
Best survival and grONth of sycamoreV~ere obtained franbutt-cuttings.Softv.ood 
cuttings of yeiiON-poplar, S~~eetgun, and water oak planted in nursery beds have 
been unsuccessful. Tests are nON underwaywi th sycamore cuttings to test the 
effect of various site-preparationtechniqueson initial survival and grONth of 
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cuttings. Cottonwood has been the only species to show a relatively high 
percentage of success with first attempts at air-layering. Same success was 
obtained with sycamore, green ash, and sweetgun, but not with yellow-poplar, 
southern red oak, cherrybark oak, red rraple, and flowering dogwood. 

Philo, G.R. 1982. Planting stock options for forestation of surface-mined 
lands. Pages 65-74 in Post-mining productivity with trees. Proceedings of 
a 1982 seminar in the Deparbnent of Botany; Southern Illinois University at 
Carbondale. 

In this paper, factors affecting the choice of planting stock in relation to 
forestation of surface~ined lands are discussed. Good spring establishment of 
trees in southern Illinois can be obtained with bare-root seedlings for most of 
the species commonly available at State and private nurseries. Direct seeding 
of large-seeded species is also recommended since this practice can extend the 
planting season into fall, allows for selection of seed source, and cultivates 
good root form that should enhance the short- and long-term growth of trees. 
Exceptional establishment rates were noted for the following oaks: black, bur, 
pin, red, shingle, and particularly Shumard and chestnut. Black walnut fran 
direct seeding also perfonned well, especially in regard to the root form of 
established seedlings. Seeded hickory exhibited only moderate success although 
results were variable. Smaller-seeded species, such as black cherry, persimmon, 
and hackberry, have exhibited poor establishment rates. For those species not 
readily established with bare-root seedlings or seed, container seedlings rray 
be appropriate. Inherent in any container system is a degree of distortion of 
the seedling roots, which could restrict tree growth. The degree of success 
usually achieved with bare-root stocks or direct seeding and the relatively low 
cost of these methods have typically led to their use in surface-mined 
reclamation. On the other hand, container stock may be appropriate when 
inoculating seedlings with ~corrhizal fungi or other organisms to enhance 
survival and growth. For bare-root stock, the author recommends pruning taproots 
to 20 an, lateral roots to 5 an, and shoots of hardwoods to 20 an to facilitate 
handling and planting. 

Putnam, J.A., G.M. Furn iva I, and J .S. McKnight. 1961. Management and inventory 
of southern hardwoods. U.S. Forest Service Agriculture Handbook No. 181.101 
pp. 

This handbook provides guidance for rranagement and inventory of both bottanland 
and upland hardwoods throughout the Southern United States. General topics 
include (1) the forest, (2) preliminary rranagement, (3) advanced rranagement, 
and (4) inventory. A selected bibl iographywi th 175 references is also included. 
The first section contains a good discussion of species-site relationships, and 
subsections on species, stand origins, damaging influences, and utilization. 
Mbst of the rest of the handbook is geared toward the rranagement of existing 
hardwood forests. Planting and direct seeding are not covered. Management 
topics include reconnaissance, boundary location, protection, canparbnentation, 
timber stand improvement, the first cut, and stocking and growth considerations. 
A useful table on southern hardwood species and chief softwood associates is 
provided in the first section. It gives scientific and several common names for 
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each species and infonnation on occurrence in bottanlands and in uplands, grCMtth 
rate, shade tolerance, reproduction, susceptibi I ity to danage, value and primary 
uses, and general remarks. 

Rafai II, B.L., and W.G. Vogel. 1978.A guide for vegetating surface-mined lands 
for wildlife in eastern Kentucky and V\est Virginia. U.S. Fish and Wildlife 
Service Biological Services Program FWS/OBS-78/84, ~shington, DC. 89 pp. 

This document contains useful infonnation on species of trees and vegetation 
suitable for revegetation of surface-mined areas, including availability of 
plants and planting and seeding rrethods. 

Raisanen, D.L. 1982. Survival of selected tree species on sites reclairred to 
various reclanation standards. Pages 93-102 in Post-mining productivitywith 
trees. Proceedings of a 1982 seminar in the Departrrent of Botany; Southern 
Illinois University at carbondale. 

This paper gives results of a study of 26 plots planted in the spring of 1981 
at five surface-mined and reclairred sites in southern Illinois to evaluate tree 
survival relative to species and treatrrents. Tree species includedblackwalnut, 
black cherry, baldcypress, green ash, hackberry, pin oak, red oak, silver maple, 
sweetgun, and sycamore. Treatrrents consisted of application of a fertilizer 
tablet and a herbicide, planting of seedlings into four different herbaceous 
cover mixtures, and ripping to a depth of 24 inches: Species were rrechanically 
planted as bare-root seedlings in March 1981;a survival count was made in the 
fall. Survival rates for the above species ranged fran 3~k for black cherry to 
91% for silver maple. Baldcypress had a survival rate of 4~/o and hackberry, 46%, 
and all others were~ 5~k. Herbicide use increased species survival by 8~k. 
Ani z i ne herbicide (a mixture of Ani trol-T, a post -arergent, and Simi z i ne, a pre
emergent) was applied at 4 lb of active ingredient per acre. The results of 
fertilization and ripping were inconclusive. Survival rates of the trees grown 
on three of the four herbaceous cover mixtures were about the sarre (58%, 59%, 
and 61%); the survival rate on one mixture was somewhat less, at 51%. The 
results of this study identified species selection, use of herbicides, and 
quality planting procedures as important factors in successful plantings. 

Richards, T.W. [no date]. Establishing trees by direct-seeding. Reclanat ion 
news and views. Cooperative Extension Service. University of Kentucky, 
Lexington, KY. 6 pp. 

Direct-seeding as an alternative and supplerrent to planting seedlings is 
discussed in this paper. Advantages of direct seeding include lower labor costs, 
less planting tirre per acre, greater species availability, longer planting 
season, and less chance of root deformity. The author notes that reports of 
direct-seeding failures are common in the I iterature and that same references 
discourage this rrethod; however, he points out that most failures are a result 
of improper hand I ing and poor planning. Species that have direct-seeded well 
on surface-mined lands are discussed. The best are the larger-seeded species, 
includingmany oaks, black walnut, and Chinese chestnut, but other species may 
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have appl i cation in direct -seeding use. Seeding tria Is have been I imi ted by seed 
availability and rrany species have not been sufficiently tested. 

Richards, T.W., R.F. Wittwer, and D.H. Graves. 1982. Direct-seeding oaks for 
surface-mine reel anat ion. Pages 57-62 in Post-mining productivity with trees. 
Proceedings of a 1982 seminar in the Department of Botany; Southern II linois 
University at carbondale. 

Results are given by the University of Kentucky Department of Forestry for 
direct-seeding studies on surface-mined land. A consistent pattern of successful 
establishment and growth has been shown for a variety of oak species, including 
northern red oak, pin oak, chestnut oak, bur oak, and sawtooth oak. Proper 
choice of species for specific site conditions is important. Germination and 
survival can be improved by amendments to the site, such as rrulch or rrulch and 
fertilizer. Herbaceous competition is also an important factor affecting long
term survival and growth. Use of a mechanical planter for row-seeding in mine 
soils can shorten planting time and reduce labor costs; use of spray nozzles on 
the planter for herbicide application can increase the efficiency of the planting 
operation. 

Robertson, D.J. [ 1985]. Sink Branch: stream reI ocat ion and rec lanat ion by 
the Florida phosphate industry. Florida Institute of Phosphate Research, 
Bartow, FL. Draft Final Report (Unpublished). 61 pp. 

This report describes follow-up monitoring and reevaluation of an experimental 
project at Sink Branch (Polk County, FL). Mbbil Chemical Company established 
the project in December 1979 when 0.3 ~of Sink Branch, a tributary of the Peace 
River, was diverted into an artificial channel excavated on phosphate-mined land. 
Although the study addressed hydrologic and aquatic factors, its prirrary purpose 
was to test methods to reestablish a riparian forest along the new channel. The 
study, conducted on a 1-ha area of reclaimed land, included four treatments: 
application of two different-sized layers of organic soil (0.5 and 1ft), 
fertilization, and a no-treatment control. Tree spaded, potted, and bare-root 
seedlings were planted. Species planted included sweetgum, live oak, Florida 
elm, slash pine, sweetbay, red maple, baldcypress, green ash, and dogwood. 
Irrigation water was applied. Three years after planting, the overall survival 
rate was 2~k; the site contained 213 trees per acre, including nine hardwood and 
one coniferous species. This was sufficient to satisfy the wooded wetland 
reclanation requi ranents of Florida, which call for a minirrum of 200 indigenous 
hardwood and coniferous trees per acre. Survival varied among species, planting 
stocks, andtreatments; the responseswarrant additional study before conclusions 
can be reached. Except for slash pine, none of the species exhibited significant 
differences in growth using the various treatments. The pines responded best 
in rrulched plots, and grew less rapidly in the fertilized and control plots. 

Ruesch, K.J. 1983. A survey of wetland reclamation projects in the Florida 
phosphate industry. Dames and Mbore, Lakeland, FL, and Florida Institute of 
Phosphate Research, Bartow. 59 pp. t appendixes. 
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This survey identifies (rraps provided) and summarizes 35 wetland reclarration 
projects in the Florida phosphate industry as of Spring 1983. lnforrration was 
obtained through 51 questionnaires rrailed to individuals or organizations, and 
included size, location, project goals, revegetationrrethods, plant survival, 

monitoring, and techniques that failed or were highly successful. Mbst of the 
projects were also field inspected. Of the total, 20 projects were completed, 
10 were in various stages of construction, and plans had been completed for 5 
others. Mbst of the wetland projects lacked quantitative monitoring and the 
success of rrany techniques was not well documented. One apparently successful 
technique which was frequently used was spreading a layer of organic soil 
obtained fran another wetland to encourage the reestablishment of wetland 
vegetation. 

Rushton, B. 1983. Examples of natural wetland succession as a reclarration 
alternative. Pages 148-189 in D.J. Robertson, ed. Reclarration and the 
phosphate industry. Proceedings of a s~osium; 26-28 January, 1983; 
Clearwater Beach, FL. Florida Institute of Phosphate Research, Bartow. 

Natural succession occurring on four clay-settling ponds after 2 to 60 years and 
one 40-year-old control area is discussed. Field rreasuraments were taken at each 
site on trees and shrubs (including seedlings), herbaceous vegetation, 
accumulated litter biomass, leaf area index, optical density, and water depth. 
Succession was found to be taking place, but same sites were in an arrested 
wi IICMt stage, possibly because seeds for the next successional stage were unable 
to reach the site or became established. Only one site (30 years old) had 
typical bottanland hardwood vegetation developing, and this only occurred on 
parts of the site that were periodically inundated. It was concluded that 
improved seeding and control of hydroperiod rray provide rreans for establishing 

wetland forests on reclairred clay-settling pond sites. 

Schrand, W.O., and H.A. Holt. 1983. Herbicides and plantation establishment 
on reclairred mined lands. Pages 146-157 in Proceedings of the third annual 
conference on better reclarrationwith trees. Purdue University, Terre Haute, 
IN. 

This paper discusses the use of selected herbicides for weed control in forest 
and mine-land revegetation, and provides a bibliography. Herbicides covered 
include Princeps SON (sirrazine); Amitrole-T (amitrole); Dowpon M (dalapon); 
Roundup (glyphosate); Kerb SON (pronamide); 2, 4-D; Sulflan; Oust; and Poast. 
Herbaceous and woody plants exhibit various levels of tolerance to different 
herbicides. In addition, application rates and environmental conditions can 
determine the degree of success fran site to site. Perforrranceof the herbicides 
for site-specific test conditions are described. The cost of herbicides and the 
legal implications of use inconsistent with label instructions are important 
considerations. 

Seifert, J.R., P.E. Pope, and B.C. Fischer. 1985. The effects of three levels 
of site preparation on planted swamp chestnut oak on a poorly drained site. 
U.S. Forest Service General Technical Report S0-54, New Orleans, LA. 
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Swamp chestnut oak seedlingswere planted on a poorly drained, upland flat site 
foiiCMting three levels of site preparation. The soi I type was Avonburg-Cienront 
(a fine-silty mixed mesic type), and the site had been grazed prior to 
establ istment of the study. Depth to a fragipan varied fran 30 to 40 inches and 
seasonal water tab I e varied fran I -3 ft. The site preparation treatments were 
disking, disking and bedding, and control. Seed was collected within a lo-mi le 
radius of the study site and grown for 1 year in a nursery. Seedlingswere hand
planted on a 10 by 10ft spacing. ~ed control was accomplished by treating 
areas around each seedling with glyphosate and simazine, and mowing untreated 
areas within rows. After 3 years, plantation survival averaged 8~k for alI 
treatments and was not influenced by site preparation; after 5 years, survival 
had dropped to 8~k. Survival after 5 years was 1~k lower for control plots 
compared to the other two treatments, but the difference was not statistically 
significant. After 5 years, mean height was 150 em for the control plots, 165 
em for the disked plots, and 142 em for the disked and bedded plots. In the 
fifth year, both height and diameter increments were significantly greater for 
the disked and disked and bedded plots compared to the control plots. 

Sharitz, R.R., and L.C. Lee. 1985. Limits on regeneration processes in 
southeastern riverine wet I ands. Pages 139-143 in Riparian ecosystEmS and their 
management: reconciling conflicting uses. U.S. Forest Service General 
Technical Report RM-120, Fort Collins, 00. 

This paper presents data franwetland regeneration studies on the Savannah River 
floodplain in South carol ina. Research showed that although tree seed production 
seamed adequate, microsite factors and water-level changes limited regeneration 
success. Low seed viability, especially for baldcypress, seamed to be an 
important limiting factor. Release of seeds for both baldcypress and water 
tupelo peaked in November. The recovery of marked seeds released into the 
floodplain envi rorment revealed that potentiallyrrore than 50lfo of the seeds were 
retained within 500 m of the parent tree. Review of existing literature 
suggested that reduced carbohydrate storage may be a major factor contributing 
to the eventual decline of baldcypress seedlings and mature trees in thennally 
impacted areas (i.e., discharges of heated water fran the cooling systems of 
nuclear reactors) of the Savannah River floodplain forest. The natural 
establistment, development, and maintenance of floodplain forests in the 
Southeast is largely dependent on the coincident availability of viable seeds 
coupled with low water levels during periods in the growing season when 
germination and seedling establishment can occur. Managed water levels have 
generally precluded establ istment and maintenance of important tree species on 
the Savannah River floodplain. Additional research is needed to establish 
watershed management methods that wil I satisfy the requirements of floodplain 
forests. 

Silker, T.H. 1948. Planting of water-tolerant trees along margins of 
fluctuating-level reservoirs. IowaState College Journal of Science 22:431-
447. 

The results of trial plantations with eight species along the margins of 
Tennessee Val ley Authority reservoirs in the lower Tennessee River Val ley are 
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described. Species planted were baldcypress, water tupelo, sweetgun, green ash, 
water oak, wiiiCMtoak, Atlanticwhite cedar, and sycarore. The plantationswere 
es tab I i shed either in the upper drawdown zone of the rese rvo i rs (so i Is 
intermittently covered with 1-3ft of water at normal pool level) or in surcharge 
zones (soils 1-15ft above normal pool level that are flooded occasionally). 
Same plantations were established with nursery-grown seedlings, and in other 
cases with transplanted wild seedlings. Five-year development of plantations 
of alI eight species in the surcharge zone are discussed by cover and soi I 
conditions, water-level conditions, and species. Average survival was 6~k or 
better for all species except Atlanticwhite cedar; the poor survival (11%)of 
thelatterspecies was attributed to the poor quality of the wild planting stock 
used. Height grCMtth ranged fran 3.3 ft for water tupelo to 14.3 ft for sycarore 
in broan sedge cover areas; most species obtained their best height growth in 
sites with woody cover rather than broan sedge or hydrophytic weed cover. Qnly 
baldcypress, water tupelo, and Atlantic white cedar were planted in upper 
drawdown areas. Survival of baldcypress and water tupelo plantations afterll 
or 12 years was 88% or better. Atlantic white cedar had 58% survival after 9 
years, and the largest rate of annual height growth (2.5 ft/year), followed by 
baldcypress (1.9 ft/year), and water tupelo ( 1.8 ft/year). 

Stubbs, J. 1963a. Planting hardwoods on the Santee Experimental Forest. 
Southern Ll.IT'berman 207:135-136, 138. 

Planting trials of yeiiCMt-poplar, white ash, SWCI11l chestnut oak, Shumrd oak, 
and cherrybark oak on the Santee Experimental Forest, near Charleston, SC, are 
briefly sunnarized. Stream bottan and terrace sites were planted, but only 
results fran terrace sites are discussed. Soil types on the planted sites 
include Coxville loam and phosphatic variants of Bayboro clay loam and Chastain 
very fine sandy loam. The sites previously supported stands of good quality 
hardwoods daninated by cherrybark and Shumrd oaks, yeiiCMt-poplar, sweetgun, 
white and swamp chestnut oaks, and white ash. Prior to planting, all 
merchantable wood was removed; the remaining cui Is were killed using 2,4,5-T, 
but no further site preparationwas done. Plantingwas done during winter using 
a lo-inch planting bar and root-pruned 1-year-old seedlings. Average survival 
for all species was 7~k after one grCMting season. Survival after 5 years ranged 
fran 4~/o for cherrybark oak to 81% for white ash. In two trials, planted in 
consecutive years, yeiiCMt-poplar had the best average height grCMtth after 5 years 
(6.7 ft), and cherrybark oak had the lowest (4.6 ft). Yel ICMt-poplar did rruch 
better on well-drained sites with deep topsoil; survival on such sites was 8~k 
and daninant trees reached 15 ft. Cherrybark and Shumrd oak showed extreme 
variation in individual seedling height grCMtth, which could not be explained. 
Survival and growth of 5Wa11l chestnut oak were generally better than the red 
oaks and compared favorably with yel ICMt-poplar on most sites. 

Stubbs, J. 1963b.Survival and growth of sweetgun, Shumrd oak, and spruce pine 
planted on a creek bottan site in the carolina coastal plain. Journal of 
Forestry 61:386-388. 

Results are given of a study of sweetgun, Shumard oak, and spruce pine planted 
in an area of cleared forest on a stream terrace (second bottan) near Charleston, 
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SC. Plots v.ere planted in January 1955 with graded 1-0 seed I ings raised fran 
local seed. A conventional 10- inch planting bar was used. Several planting 
spacingsv.ere evaluated; thesev.ere 4 by 4, 6 by 6, and 8 by 8 ft. After five 
gro,ving seasons, any effects of spacing v.ere not evident. Sweetgum had 91% 
survival and averaged 12.5 ft in height; correspondingvalues for Shumrd oak 
were 7~/o and 5.2 ft, and spruce pine 4~/o and 7.7 ft. The breaking up of dead 
overstory trees, Vlklichv.ere ki lied by herbicide treatrrent after first clearing 
the area of all rrerchantable t in'ber, caused considerable damge to the planted 
trees. Vines v.ere rmjor carpet i tors, and Vlklen they v.ere supported by sap I ings, 
sore stan defonmt ion occurred. Planted sweetgum exhibited vigorous grONth and 
few individuals were overtopped by carpeting vegetation. Other desirable 
features of sweetgum that rmde this species particularlyarenable to rmnagarent 
include (1) product ion of large quantities of easily collected seed rmst years, 
(2) good seed viabi I i ty, (3) easily gr01111 nursery stock, and (4) easy planting. 
The authors note that without cleaning and v.eeding, only the sweetgum plantings 
resulted in v.ell-stocked, hamgeneous stands. Patches of natural SV~eetgun, 
yeiiON-poplar, and oak of both seedling and sprout origin often outgrew the 
planted trees. 

Slvenson, E.A., and C.L. Mullins. 1985. Revegetating riparian trees in 
southwestern floodplains. Pages 135-138 in Riparian ecosystems and their 
rmnagarent: reconci I ing conflicting uses. U.S. Forest Service General 
Technical Report R\11-120, Fort Coli ins, CD. 

IVIanagers have generally been unsuccessful in using conventional techniques to 
replace riparian trees, and in this paper an alternative using large cuttings 
is discussed. Experirrentswi th Rio Grande cottorw:>od, narro,vleaf cottorw:>od, 
and Goodding wiiiON showed that placing large, donmnt cuttings into holes 
predri lied to the depth of the gro,ving season water table can be a sifT1Jie and 
inexpensiverrethod of revegetat ing floodplains. The cutt ingsv.ere obtained fran 
sap I i ngs wi th a basa I d i are t e r of 2-3 inches and a height of up to 20 f t ; a I I 
side branches v.ere ramved, and the tops v.ere cut back to a 3/8-inch diareter. 
Success of such plantings, however, is unlikely unless prolonged flooding does 
not occur at the site and beaver and I ivestock can be controlled. 

Tharpson, R.L., W.G. Vogel, G.L. Wide, and B.l. Rafai II. 1986. Developrent of 
natural and planted vegetation on surface mines in southeastern Kentucky. 
Pages 145-153 in New horizons for mined land reclamtion. Proceedings of the 
Arerican Society for Surface Mining and Reclamt ion, Princeton, VW. 

Descriptivestudiesrmde of the flora on five 17- to 20-year-oldsurface-mined 
areas that originallyhad been partly or entirelyplantedwith herbaceousand 
w:>ody species are covered in this paper. A rich flora was found on these mines 
as a result of natural secondary succession together with the artificial 
plantings. lfT1JOrtant invading species cOliTDn at all or rmst of the sites v.ere 
red rmple, yeiiON-poplar, black locust, sounM:>od, blackgun, and sycamre. 
Changes in hydrology and rooting depth, associatedwi th old mining practices, 
seared to have created forest-site conditions that v.ere saret irresrmre mesic and 
potent iallyrmre productive than the pranining condition. AI though additional 
studies are recanrended, the data revealed that potentially productive forest 
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ecosystems are reestablishing on same of the older surface-mined sites in 
southeastern Kentucky. 

Toliver, J.R. 1986. Survival and growth of harci\Wods planted on abandoned 
fields. Louisiana Agriculture 29(2):10-11. 

The article reports on trials with six bottanland harci\Wod species that were 
planted on old soybean fields at Thistlethwaite Game Management Area in St. 
Landry Parish, LA. Two soi I types, Baldwin and Dundee silty clay loams, were 
represented in the plantations. Both types are high in fertility, but the 
Baldwin soil type has a higher clay content and lower permeability. Pecan, 
sweetgun, sycaTDre, and cherrybark oak seed I ings were planted on soybean stubble 
after harvest in February. Green ash and baldcypress were planted on disked 
soybean fields that had lain fallow for 2 years. All seedlings were 1-year-old 
bare-rooted stock that had tap roots pruned to a length of 6-8 inches, and were 
hand-planted on a 10 by 10 ft spacing using a planting bar. ~ed control 
generally consisted of disking and/or mowing between trees two or three tirres 
during the growing season for the first 3 years, and an application of herbicide 
(Roundup) sprayed around individual trees in June or July.After the third year, 
the plantations were mowed at least once each year. After 5 years, sycamore 
survival averaged 9~k and rrean height averaged 13.6 ft for two plantations; 
cherrybark oak survival averaged 7~k and height, 6.4 ft for three plantations; 
survival and rrean height were 4~k and 2.7 ft for pecan and 4~k and 6.8 ft for 
sweetgun. After 3 years, green ash had 9~k survival and a rrean height of 7.9 
ft on one plantation. After 2 years baldcypress had 9~k survival and a rrean 
height of 4.1 ft. 

Toliver, J.R., R.C. Sparks, and T. Hansbrough. 1980. Effects of top and lateral 
root pruning on survival and early growth on three bottanland hardwood species. 
U.S. Forest Service Tree Planters' Notes 31(3):13-15. 

This paper describes one- and five-year results of planting trials with five 
combinations of top- and/or root-pruned seedlings of water oak, willow oak, and 
pecan. OUt-planted seedlings of all species had excellent survival ( 9~k) after 
1 year, and the differences in survival between the various treatments of root 
and/or top pruning were minor. Average height growth after 1 year was highest 
for water oak (51.0 an), followed by wi I low oak (49.0 em) and pecan (26.4 an). 
By the fifth year, survival of wi I low oak and pecan was sti II greater than 90%, 
but water oak survival dropped to 82.4o/o. ~I low oak had the greatest average 
height after 5 years (372.0 em), followed by water oak (332.2 em) and pecan 
(131.0 an). Overall the differences were minor between the treatments, but the 
combination of root pruning and top pruning tended to produce the best height 
growth for all species and is therefore recommended. 

U.S. Bureau of Land Management (BUM). 1983. Environmental assessment on state 
of reclamation techniques on phosphate mined lands in Florida and their 
application to phosphate mining in the OSceola National Forest. U.S. Bureau 
of Land Management, Eastern States Office, Alexandria, VA. 
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This assessment concludes that although there are rrany studies underway, there 
is a I ack of conclusive data on the abi I i ty to reestablish wet I and hardM>ods on 
phosphate;nined land in central Florida. The assessment provides a summary of 
29 wetland reestabl istment studies within the Florida phosphate industry between 
1975 and 1982 (most studies were less than 5-years-old). 

Vogel, W.G. 1973. The effect of herbaceous vegetation on survival and grCMtth of 
trees planted on coal-mined spoils. Pages 197-207 in Proceedings of the 
research and app I i ed techno I ogy sympos i urn on mined- I and rec I arra t ion. 
Bi tumi nous Coa I Research, Inc., Mon roev i I I e, PA. 

This study examines the effects of herbaceous competition with trees on coal
mine spoils in southeastern Kentucky. Grass alone and grass with legumes were 
sown concurrently with the planting of trees. After three growing seasons, the 
herbaceous vegetation, which covered about 95% of the ground, did not 
significantly affect survival of the trees but greatly suppressed their growth. 
During the fourth and fifth growing seasons, the growth of trees in plots 
daninated by legumes exceeded growth in the other treatment plots. Tree growth 
was suppressedmost by grass cover alone. 

Vogel, W.G. 1980. Revegetating surface;nined lands with herbaceous and w:>ody 
species together. Pages 117-126 in Proceedings of trees for reclanation. U.S. 
Forest Service General Technical Report NE-61, Broomall, PA. 

The report covers tests with trees (cottonw:>od, sycamore, pines) planted with 
herbaceous species. Results showed there was an increase in tree seedling 
mortality and retarded tree grCMtth, especially in the first few years after 
planting. The trees seamed to be most affected by competition for moisture; 
survival was least affected where spring and sl.llll'Er precipitationwas abundant. 
In some areas, tree survival was reduced by dense stands of sane legunes, such 
as crown vetch, flat pea, and sericea lespedeza. Planting trees in existing 
stands of herbaceous cover usually resulted in poor survival. Herbicides or 
scalping to control competitionwas suggested, although it was noted that there 
was I ittle supporting data. Planting trees and seeding herbaceous species in 
alternate strips was believed to be a feasible rrethod. 

Vogel, W.G. 1981. A guide for revegetating coal mine soi Is in the eastern 
United States. U.S. Forest Service General Technical Report NE-68, Broomall, 
PA. 190 pp. 

This technical report provides inforrration, recommendations, and guidelines for 
revegetating land in the eastern United States that has been disturbed by coal 

m1n1ng. The docunent includes inforrration on a variety of tree species 
associated with bottanland forest sites, as well as guidance on grading and 
leveling, seeding practices, planting rrethods, soi I amendments, rrulches, soi I 
stabilizers, and erosion control. 
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~dsworth, C.A. 1983. The development of techniques for the use of trees in 
the reclamation of phosphate lands--a project overview. Pages 390-394 in D.J. 
Robertson, ed. Reclamation and the phosphate industry. Proceedings of 
S~osiun; 26-28 January, 1983; Clearwater Beach, FL. Florida Institute of 
Phosphate Research, Bartow, FL. 

In this project, thirteen research plots, involving 30 species (e.g., laurel oak, 
sycamore, cottonwood, baldcypress) were planted during 1981. The three main 
objectives of the project were (1) establish and monitor trial plantings of the 
most pranising tree species on a variety of representative phosphate soils, (2) 
develop techniques for the direct seeding of sand pine and slash pine on tailing 
sands, and (3) develop criteria and guidelines for the use of trees to recreate 
wetland, island, upland, and aquatic habitat on mined wastes. Initial survival 
for the various species was reported, but since the data were only for about one 
growing season, no conclusions on the success of the project could be drawn. 

~ldrop, T.A., E.R. Buckner, and A.E. Houston. 1983. Suitable trees for the 
bottanlands of west Tennessee. Pages 157-160 in Proceedings of the second 
biennial southern silvicultural research conference. U.S. Forest Service 
General Technical Report SE-24, New Orleans, LA. 

This study examines three species: sweetgun, green ash, and sycamore; two seed 
sources for sweetgum and sycamore; and three cultural treabnents (fertilization, 
disking, and mowing) to determine which combination(s) would be best suited to 
abandoned agricultural fields. The study site was on the floodplain of a 
tributary to the ~If River in southwest Tennessee. The fields were fanned for 
soybeans unti I 1979; flooding occurred less than annually, but enough to make 
soybean planting risky. The soi Is were si It loam, 5.4-6.6 pH, and lower in 
phosphorus and potassium than most soils used for agricultural purposes. 
Seedl ingswere planted in the spring of 1980. Five species/seed source combina
tions (sycamore, green ash, sweetgum from the Virginia coastal plain, and 
sweetgum and sycamore from the Louisiana gulf coast) were tested, with 
ferti I ization as the main treabnent. Disking and mowing were tested at the sub
plot level. After three growing seasons, survival was over 9~k for all treat
rrents, and there were no significant survival differences among the five 
species/seed source combinations. Survival was slightly lONer in the ferti I ized 
plots (9~k versus 95%), perhaps due to the exceptionally dry season following 
planting and fertilization in 1980. Seed source did not significantly affect 
height growth after three growing seasons. Sycamore grew the fastest (rrean 
height of 9.0 ft after three growing seasons), followed by green ash (6.1 ft) 
and sweetgum (5.4 ft). Fertilization increased the height growth of green ash 
by 25%, sycamore, 19%, and sweetgun, 16%. Disking ir11>roved growth significantly 
over mowing for all species. Response was greatest for sycamore {52%), followed 
by green ash (5~k) and sweetgum (2~k). Disking and fertilization both increased 
growth when applied alone, but combining the two did not produce a significant 
growth advantage, especially for sycamore. 

~lker, L.C., and K.G. ~tterston. 1972. Silviculture of southern bottanland 
hardwoods. School of Forestry Bulletin 25. Stephen F. Austin University, 
Nacogdoches, TX. 79 pp. 
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This handbook covers bottanland hardwood silviculture in the Mississippi River 
Delta, Coastal Plain Alluvial Valley, and Piedront Alluvial Valley regions. Each 
of the three regions is briefly described in the first section, with the 
Mississippi River Delta Region covered in greatest detail. The next section 
contains a general description of injurious agents in southern bottanland 
hardwood forests, including decay caused by fire, beaver damage and increment 
coring, insects, grazing, Call>etition, windthrCMt, and flooding effects. A useful 
key to same of the more important types of insect damage is provided in this 
section. The final section covers the silviculture of selected species or 
species groups, including cottot'li.Wod, blackwi IICMt, oaks, sweetgun, water tupelo, 
sycarore, and yeiiCMt-poplar. The species subsections vary considerably in depth 
of treabnent, but typically cover grCMtth, site index and/or vigor, and means of 
regeneration. The handbook contains 119 references, which should be of 
considerable use to individuals needing more infonmtion on a particular species 
or injurious agent. 

Wmger, K. F., editor. 1984. Forestry handbook (2nd edit ion). John Wi I ey and 
Sons, New York. 1,335 pp. 

This is a major reference book of data and methods in all phases of forestry and 
allied fields directed primarily at the practicing field forester. For those 
interested in forest reestablishment, sections on forest insect and disease 

management, fire management, and silvicultureshould be of interest. The section 
on silviculture includes infonmtion on stand regeneration, site preparation and 
management of problem vegetation (including a herbicide selection guide), and 
managing for natural regeneration. 
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Appendix A. Cammon and scientific names for same bottanland forest species 
(fran Clark and Benforado 1981). 

Cammon name 

Carolina ash 
PlJlllkin ash 
Green ash 
Wli te ash 
Ane r i can beech 
River birch 
Buttonbush 
Black cherry 
Eastern cottonwood 
SNarp cottonwood 
Baldcypress 
Pondcypress 
Flowering dogwood 
Rough-leaf dogwood 
Aner i can elm 
Cedar elm 
Slippery elm 
Winged elm 
V\Bter-elm 
Sweetgum 
Bl ackgum 
Ogeechee tupelo 
SNarp tupelo 
V\Bter tupe I o 
Hackberry 
Sugarberry 
Hawthorn 
V\Bter hickory 
Shellbark hickory 
Shagbark hickory 
Pecan 
Aner i can holly 
Possumaw 
Eastern hophornbean 
Anerican hornbeam 
Honey locust 
V\Bter I ocust 
Loblolly-bay 
Red bay 
Southern rragnolia 
Swamp bay 
Sweet bay 

Scientific name 

Eraxinus carol iniana 
.L.. grofunda 
.L.. gennsvlvanica 
.L.. ame r i cana 
~ifolia 
Betula niqra 
Cephalanthus occidental is 
Prunus serotina 
Populus deltoides 
f..:_ heteroohvlla 
Taxodi um d i st i chum 
L. d i s t i chum va r . Aut aR& 
Cornus florida 
L. d nmmnd i i 
~llnJs r i c a n a 
!L.. crassi folia 
U. rubra 
~.1 at a 
Planera aauatica 
Liauidambar stvraciflua 
l!lw;slav a t i c a 
~eche 
~ svlvatica var. biflora 
~ aauat ica 
Ce I t i s occ i dent a I i s 
L. laevioata 
Crataequs spp. 
Ca rva aaua t i ca 
C. laciniosa 
6.v a t a 
C. i llinoensis 
diw:a 
L.. decidua 
OStrva virqiniana 
eaa-ai l1llsl i n i a n a 
Gleditsia triacanthos 
.G.:_ aauatica 
Gordonia lasianthus 
Persea borbonia 
Maqnolia srandiflora 
Persea borbonia var. pubescens 
Masnol ia vi roiniana 
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Ccrnmn nane 

Boxelder 
Florida maple 
Red maple 
Silver maple 
Red rru I berry 
Bur oak 
Cherrybark oak 
De Ita post oak 
Laurel oak 
Live oak 
Nuttall oak 
Overcup oak 
Pin oak 
Shunard oak 
Swamp chestnut oak 
V\Bter oak 
Wli te oak 
Swamp white oak 
Wi IICMt oak 
Pawpaw 
Ccrnmn pe rs immn 
Sassafras 
American sycamore 
Swamp-privet 
Black wa I nut 
Black wi IICMt 
Sandbar wi I I CMt 

Ye II CMt-popl ar 

Appendix A. (Concluded). 

Scientific nane 

Acer nectundo 
A.:_ barbatun 
& rubrum 
&_ saccha r i nu rn 
l'vbwsb r a 
.a. reus o c a r o a 

EPA-RS-20 17-0081491 NT_ 0000439 

~ falcata var. Daqodifol ia 
~ stellata var. palydosa 
~ laur i folia 
~ vi roiniana 
!L_ nuttallii 
!L.. lyrata 
~ palustris 
!L.. shunardi i 
!L.. mi chaux i i 
!L_ nigra 
!L.. alba 
!L.. bicolor 
~ pheJlos 
Asimina tri loba 
Diosovros vi roiniana 
Sassafras albidun 
PI ant anus occident a I is 
Forestiera acuminata 
Juolans nisra 
Salix niqra 
s. exiqua 
Li riodendron tul ipi fera 
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Appendix B. Table of flooding and shade tolerance and reproductive character
istics of same bottanland forest species (fran Fowells 1965; McKnight et al. 
1981). 

KEY TO FLCXD TOLERAN:E 

T (tolerant)--Species are able to survive and grow on sites where soi I is 
saturated or flooded for long periods during the growing season. Species 
have special adaptations for flood tolerance. 

MT (rroderately tolerant)--Speciesare able to survive saturated or flooded soi Is 
for several rronths during the growing season but rrortal ity is high if flooding 
persists or reoccurs for several consecutive years. These species may develop 
same adaptations for flood tolerance. 

~{weakly tolerant) --Species are able to survive saturated or flooded soi Is 
for relatively short periods of a few days to a few weeks during the growing 
season; rrortality is high if flooding persists longer. Species do not appear 
to have special adaptations for flood tolerance. 
(intolerant)--Species are not able to survive even short periods of soi I 
saturation or flooding during the growing season. Species do not show special 
adaptations for flood tolerance. 

Canmn 
nane 

Carolina ash 

PlJ11lkin ash 

Green ash 

Flood 
tolerance 

T- -Seeds rena in 
viable in water 
for rronths. 

Sane as for 
Carolina ash. 

MT 

Shade 
tolerance 

I ntenred i ate. 
Seedlings 
rroderately 
tolerant. 

Sane as for 
Carolina ash. 

Sane as for 
Carolina ash. 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Oct.
Feb. by wind and water. 
Seedlings establish on 
bare, rroist soil after 
water recedes. Sprouts 
well fran stlJ11ls. 

Sane as for Carolina 
ash. 

Seeds dispersed fran 
fall to early spring 
primarily by wind and to 
same extent by water. 
Genni nation on bare, 
rroist soil in openings. 
Sprouts prolifically. 
Excellent seed 
dispersal. 



Appendix B. (Continued). 

Camon 
nare 

Flood 
tolerance 

Wli te ash wr 

Arne r i can beech I 

River birch MT 

Buttonbush 

Black cherry 

Shade 
tolerance 

Sare as for 
Carol ina ash. 

Very tolerant 

Intolerant 

Tolerant 

lntenrediate 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Sept.
Jan. prirTBri ly by wind. 
Seed I ings establish best 
on bare, rmist, well
drained soi Is. Sprouts 
pro I if ically fran 
stUTps. 

Seed fa 11 Sept . -Dec. by 
gravity and anirTBis to 
sare extent. Trees about 
40 years of age (opt imm 
60 years) bear seed. 
Dispersal usually 
I imi ted to cr01111 area. 
Seed I ings establish best 
i n shade on rm i s t , we 11 -
drained soils. Sprouts 
we I I fran roots and 
stUTps. 

Seeds dispersed IVIay -June 
by wind and water. Trees 
bear seed at about 40 
years of age. Seedlings 
establish on rmist, 
well-drained soi Is. 
Rapid early grONth fran 
seed. 

Seeds dispersed Oct. -
Nov. by wind and water. 
Very rm i s t seedbed i s 
opt imm. StUTps of a I I 
sizes sprout. 

Seeds dispersed Aug.
Nov. Bi rds and an irTB Is 
ITBY rmve seeds I ong 
distances. Trees fran 
about 10 to 180 years of 
age bear seed. Seeds 
establish in bare min
eral soi I or in leaf 
litter. Sprouts fran 
stUTps. 
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Appendix B. (Continued). 

Callmn Flood 
name tolerance 

Eastern cotton- wr -MT 
wood 

StvaTll cot t orltM>od MT 

Shade Reproductive 
tolerance characteristics 

Very intolerant Seeds dispersed 1\/By-Aug. 

lntenrediate 

largely by wind and 
water. Trees as early 
as 10 years of age 
(opt imm30-40 years) 
bear seed. Seeds rmy 
remain viable for less 
then 2 v.eeks. Gennina
t ion best on rroist 

mineral soi I. Sprouts 
v.e II fran s hrrps. up to 
12 inches. 

Seeds dispersed Apri 1-
July largely by wind and 
saJBIIAla t by water . 
Trees about 10 years of 
age bear seed. Seeds 
short -I ived. Genninat ion 
best on bare, rroist, 
mineral soi I. Rapid 
early grONth. Sprouts 
v.ell fran stutps up to 
12 inches. 

Baldcypress T--seeds stay lntenrediate Seeds dispersed Nov. -
Feb. prirmri ly by water. 
Seedlings established 
Vlhen water recedes. 
Sprouting inconsistent 
fran s tutps up to 20 
inches. 

Pondcypress 

Flowering dog
wood 

viable in water 
up to 30 rronths 
Prolonged sub-
rrergence of 
seed I ings is 
fatal. 

T lntenrediate 

Very tolerant 

(Continued) 
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Similar to baldcypress. 

Seeds dispersed Nov. 
by gravity, anirmls, and 
birds. Genninat ion best 
on bare mineral soi I in 
understory or openings. 
Stutps of all sizes 
sprout v.e II . 



Camon 
nare 

Rough-leaf 
dogM>Od 

Arerican elm 

Cedar elm 

51 ippery elm 

Appendix B. (Continued). 

Flood Shade 
tolerance tolerance 

T Tolerant 

MT-Seeds ramin Tolerant 
viable Vlhen 
subrerged for a 
rronth. 

MT Tolerant 

Tolerant 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed in fall 
by gravity, anirmls, and 
birds. Seed I ings estab-
1 ish best on rmist soi I 
under partial shade. 
Sprouts \WI I fran 
stutps. 

Seeds dispersed March
June by wind and water. 
Trees as early as 15 
years of age bear seed. 
Seeds ge nni nate and 
seed I ings establish on 
surface of rmist mineral 
soil or on undisturbed 
hurus. Stutps up to 15 
inches sprout VIe II . 

Seeds dispersed Oct.-
Nov. largely by wind and 
water. Seed I ings estab
bl ished in shade or in 
openings on rmist, bare 
mineral soi I. Stutps up 
to 12 inches sprout 

\WI I. 

Seeds dispersed April
June largely by wind and 
less by water. Trees as 
early as 15 years of 
age, (opt imm 25-125 
years) bear seed. 
Seed I ings established in 
shade or in openings on 
rmist, usually well
drained so i I . Stutps up 
to 12 inches sprout 

\WI I. 



Camon 
nare 

Winged elm 

Wlter elm 

Sweetgum 

Blackgum 

Ogeechee tupelo 

Appendix B. (Continued). 

Flood 
tolerance 

Wf-1 

MT 

wr 

T- -Seeds can 
survive in 
water for 
severalm>nths. 

Shade 
tolerance 

Tolerant 

Tolerant 

Intolerant--
cannot stand 
over-topping. 

lntenrediate 

Intolerant 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed in Apri I 
by wind and water. Seed-
I ings largely in new 
openings. StUTps to 12 
inches sprout \WI I. 

Seeds dispersed in 
Apri I. Seedlings estab-
I ished after water 
recedes. Sprouts \WI I 
fran s tUTps. 

Seeds dispersed in fall 
prirmri ly by wind. Trees 
about 20 years of age, 
continuing to 150 or 
m>re years, bear seed. 
Pro I if ic seeder. 
Genninat ion best on 
mineral soi I in open. 
Sprouts VIe II fran roots 
and stUTps. 

Seeds dispersed Sept.-
Nov. by water and to 
sore extent by anirmls. 
Genninat ion and estab-
I islmmt only on dry 
soi I. StUTps to 12 
inches sprout \WI I. 

Seeds dispersed Oct.-
Nov. Birds and an irm Is 
rmy m>ve sore seed. 
Seed I ings produced Vlklen 
water recedes. 



l 

Camon 
nare 

SlvaTp tupe I o 

Wlter tupelo 

Hackberry and 
Sugarberry 

HaNthorn 

Appendix B. (Continued). 

Flood 
tolerance 

T- -Seeds rami n 
viable for 
rronths in water 

T- -Seeds rami n 
viable for 
rronths in water. 

Shade 
tolerance 

I ntenrediate-
does not 
tolerate 
overtopping. 
Responds to 
release. 

Intolerant 

Mr--Seeds ramin Very tolerant 
viable for 
rronths in water; 
seedlings 
cannot tolerate 
subrergence. 

Mr lntenrediate 
to intolerant 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed pri
mui ly by birds and 
saTBIIhat by water. Trees 
bear seed at about 30 
years of age. Usually 
good-to-excellent seed 
crop. Genninates best 
in partial shade on 

rroist seedbed. Sprouts 
fran stutps and sprouts 
produce viable seeds 
in second year. 

Seeds dispersed by water 
and an irm Is. Trees 
beginning about 30 years 
of age bear seed. 
Usua II y good-to
excellent seed crop. 
Needs full sun I ight for 
genninat ion. Stutp 
sprouts produce viable 
seeds in second year . 

Seeds dispersed Oct.
Jan. by birds, anirmls, 
and water. Trees at 
about 15 years of age 
(optimm30-70 years) 
bear seed. Seed I i ngs 
often in full shade. 
Sprouts v.ell fran stutps 
to 12 inches. 

Seeds dispersed fa I I and 
winter. Does not readily 
establish seedlings. 
Trees are good 
sprouters. 



Camon 
nare 

Wlter hickory 

Shell bark 
hickory 

Shagbark 
hickory 

Pecan 

Appendix B. (Continued). 

Flood Shade 
tolerance tolerance 

Mr--Seeds remain lntennediate 
viable in water 
for several 

rronths. 

VVf Very tolerant 

vvr Mbderately 
tolerant 

wr Intolerant 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Oct.
Dec. by gravity, water, 
anirmls, and birds. 
Trees at about 20 years 
of age (optim.m40-75 
years) bear seed. 
Seed I i ngs rmre camDn in 
ne,v openings but also 
occur in understory. 
Sprouts vwll fran stutps 
to 20 inches. 

Seeds dispersed Oct.
Dec. by gravity, 
anirmls, and birds. 
Trees at about 40 years 
of age (opt im.m75-200 
years) bear seed. Ge nn-
inat ion and establish

rrent in understory and 
openings. 1\tbist soi Is 
are required for seed-
1 ing establ istmmt. 
Sprouts vw I I fran 
sturps. 

Seeds dispersed Sept.
Dec. by gravity and 
anirmls. Trees at 40 
years of age (opt im.m 
60-200 years) bear seed. 
Seedlings require 
rmderatelyrmist 
seedbed. Sprouts vwll 
fran stutps. 

Seeds dispersed Sept.
Dec. by birds and 
anirmls. Trees at about 
20 years of age (opt im.m 
75-225 years) bear seed. 
Seed I ings establish best 
in an inch or so under 
loaty soi I. Sproutsvwll 
fran stutps to 12 
inches. 



Appendix B. (Continued). 

Camon 
nCI'TE 

Flood 
tolerance 

Arne r i can hoI I y wr 

Possll111cw 

Eastern 
hophornbean 

Arerican 
hornbean 

Honey locust 

Wlterlocust 

Loblolly-bay 

MT 

MT 

MT 

MT 

MT 

Shade 
tolerance 

Very tolerant 

Very tolerant 

Very tolerant 

Very tolerant 

Intolerant 

Intolerant 

lntenrediate 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Nov. -
1\t'brch by birds and 
an irm Is. Seed I i ngs occur 
in understory and 
openings. Sprouts \WI I 
fran stutps. 

Seeds dispersed Sept.-
1\t'brch. Seed I ings becare 
es tab I i shed in shade and 
openings. Sprouts \WI I 
fran stutps. 

Seeds dispersed in fall. 
Seedlings establ ishV~ell 
in understory and new 
openings. 1\tbist mineral 
soi I is best seedbed. 
Sprouts \WI I fran stutps 
of all sizes. 

Seeds dispersed fall to 
spring largely by birds 
and short distances by 
wind. Similar to 
Eastern hopho rnbean. 

Seeds dispersed Sept.
Feb. by wind, birds, 
an irm Is, and sare t irres 
water. Trees at about 10 
years of age (opt imm 
25-75 years) bear seed. 
New seed I ings seldan in 
understory, but in 
openings. Sprouts \WI I 
fran stutps. 

Similar to honeylocust. 

Seeds dispersed in fall. 



Appendix B. (Continued). 

Camon 
nare 

Red bay 

Southern 
rmgnol ia 

SlvaTp bay 

Sweet bay 

Boxelder 

Flood 
tolerance 

MT 

wr 

MT 

MT 

MT 

Florida map I e Wf 

Shade 
tolerance 

Tolerant 

Tolerant 

Tolerant 

l\lbderately 
tolerant 

l\lbderately 
tolerant 

Tolerant 

(Continued) 
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II 

Reproductive 
characteristics 

Seeds dispersed in fall 
to sore extent by birds. 
Genninates in both 
understory and openings. 
Fire st illl..llates 
genninat ion. Sprouts 
\WI I fran stutps. 

Seeds dispersed Sept.
Dec. by birds and other 
anirmls. Trees as early 
as 10 years of age bear 
seed. Usua I I y good seed 
crop, but ION gennina-
t ion. Good stutp 
sprouter. 

Seeds dispersed in fall 
by birds. Seed I ings 
establish both in 
understory and openings. 
Good stutp sprouter. 

Seeds dispersed Sept.
Nov. by birds and STBII 
anirmls. Seed I ings 
establish both in shade 
and openings. 

Seeds dispersed Sept.-
1\t'brch by wind, birds, 
and STBII anirmls. 
Genninates best on rmist 
mineral soi I in shade or 
openings. Sprouts \WI I 
fran stutps. 

Seeds dispersed Oct.
Dec. by wind, birds, and 
STBII anirmls. Genni
nates best on rmist 
mineral soi I in shade or 
openings. SproutsV~ell 
fran s tutps. 



Camon 
nare 

Red ITBple 

Silver ITBple 

Red lll..ll berry 

Bur oak 

Appendix B. (Continued). 

Flood 
tolerance 

MT 

MT 

Wf-1 

Shade 
tolerance 

Tolerant 

l\lbderately 
tolerant to 
intolerant 

Very tolerant 

lntenrediate 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed March
July p r irTB r i I y by winds, 
and to sore extent, by 
water, birds, and STBII 
anirTBis. Genninates 
best on rmist mineral 
soi I in shade or open
ings, often after water 
recedes. SproutsV~ell 
fran stUTps. 
Seeds dispersed Apri 1 -
June by wind, water, 
birds, and STBII ani
rTBis. Trees about 35-40 
years of age (or sooner 
if grown in the open) 
bear seed. Seedlings 
occur in shade or open
ings. SproutsV~ell fran 
stUTps. 
Seeds dispersed June
Aug. by birds and other 
anirTBis. Seed I ings 
occur in shade or open
ings. SproutsV~ell fran 
stUTps. 
Seeds dispersed Aug.
Nov. rTBinly by gravity 
and squirrels, and to a 
I imi ted extent by water. 
Trees at about 35 years 
of age (opt imm75-150 
years) bear seed. Genn-
inationrTBy be prolific 
in bottanland areas; 
seed I ings are often 
ki lied if flooded during 
the grONing season. 
Sprouts \WI I fran stUTps 
and foiiONing burning of 
STBII trees although the 
quality and fonn of 
sprout stan; often poor. 



Appendix B. (Continued). 

COmmon Flood Shade 
name tolerance tolerance 

Cherrybark oak wr -I 1\tbderate ly 
intolerant to 
intolerant 

Delta post oak Wf-1 lntenrediate 

Laurel oak MT.wr lntenrediate 
to tolerant 

Live oak Wf-T Intolerant 

Nuttall oak MT--acorns Intolerant 
ramin viable 
in water for 
at least 34 
days. Seed I i ngs 
ki lied by 
flooding during 
g ro,vi ng season. 

(Continued) 
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Reproductive 
characteristics 

Seed dispersed Aug. -
Nov. by gravity, birds, 
and anirmls; seldan by 
water. Trees seed at 
about 25 years of age 
(opt imm50-75 years). 

Not a good stutp 
sprouter. 

Seeds dispersed in fall 
by gravity, birds, 
an irm I s , and SO'l'B t irres 
water. Trees bear seed 
at about 25 years of 
age. Seed I i ngs rms t 
cOliTDn in openings. Not 
a good stutp sprouter. 

Seeds dispersed Sept.
Dec. by gravity, birds, 
an irm I s , and SO'l'B t irres 
water. Trees begin to 
bear seed at about 15-20 
years of age. Seedlings 
in shade or openings. 
Sprouts Vlklen cut or 
burned. 

Seeds dispersed Sept.
Nov. by gravity, birds, 
and anirmls. Genninates 
best in rmist wann soi I. 
Sprouts we I I fran roots. 

Seeds dispersed Sept.
Feb. by an irm Is and 
water. Genninat ion best 
in rmist soi I covered 

with leaf I i tter. Trees 
rmy bear seed as ear I y 
as 5 years of age. 
Seedlings establish in 
shade. Stutps of young 
trees sprout readily. 



Camon 
nare 

Overcup oak 

Pin oak 

Shumrd oak 

Appendix B. (Continued). 

Flood 
tolerance 

MT- -Seed I i ngs 
amng rmst 
tolerant of 
the oaks, but 

ITBY be ki lied 
by high water 
during f i rs t 
grONing 
seasons. 

MT- -Seed I i ngs 
amng rmst 
tolerant of 
the oaks. 

wr 

Shade 
tolerance 

1\tbderately 
intolerant 

Intolerant 

Intolerant 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Sept.
Nov. by birds, anirTBis, 
and water. Trees bear 
seed at about 25 years 
of age. Acorns viable 
after 4 rmnths in water. 
Genninat ion best on 
rmist mineral soi I. 
Sprouting fran STBII 
stutps only. 

Seeds dispersed Sept.
Dec. by birds and STBII 
anirTBis, gravity, and to 
sore extent by water and 
wind. Trees bear seed 
be tvleen ages of 25 and 
80 years, although trees 
in openings often 
produce seed by 15 
years. Seedlings becare 
es tab I i shed in under
story openings, but rTBny 
seed I ings ki lied by 
flooding during grONing 
season. Sproutsvwll 
fran stutps of STBII 
trees. 

Seeds dispersed Sept.
Dec. by gravity and 
anirTBis; seldan by 
water. Trees bear seed 
at about 25 years of age 
(opt immat 50 years). 
Seedling establishment 
best in openings. 
Sprouting best fran 
stutps of young trees; a 
poor sprouter overall. 



Appendix B. (Continued). 

Camon F I ood Shade 
name tolerance tolerance 

SlvaTp chestnut wr- -Seed I ings l\lbderately 
oak are intolerant tolerant 

to flooding. 

Wlter oak Wf-MT--Prolonged Intolerant 
sulllergence of 
seedlings during 
g rONi ng season 
is fatal. 

Wlite oak 1-Wr--Seedl ings lntenrediate 
intolerant. 

SlvaTp Vlkli te MT lntenrediate 
oak 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Sept.
Oct. by gravity and 
anirmls. Seed bearing 
begins about 25 years of 
age (opt immat about 40 
years) . Ge nni nat ion 
best on rm i s t , we 11-
drained soi Is with a 
I ight cover of leaves. 
Seed I ings require full 
sun I ight for best 
deve loprent. Sprouts 
fran STBII stutps. 

Seeds dispersed Sept.
Nov. by gravity, birds, 
anirmls, and vvater. 
Seed product ion begins 
at about 20 years of 
age. Seed I i ngs 
establish best on rmist, 
\WI I -aerated soi I under 
I i gh t I ea f I i t t e r . 
Sprouts readily fran 
young s tutps. 

Seeds dispersed Sept.-
' Nov. by gravity and 

squirrels. Seed bearing 
no nm I I y be t\Wen 50 and 
200 years for open-gr01111 
trees. Genninat ion best 
on rmist, V~ell-drained 
soi I. Sprouts \WI I fran 
stutps and foiiONing 
fire damge. 

Seeds dispersed pri
rmri ly by gravity, 
rodents, and vvater. 
Trees about 35 years of 
age (opt imm 75-200 
years) bear seed. 
Sprouts fran stutps. 



Camon 
nare 

Wi liON oak 

Pawpaw 

Pe rs imron 

Sassafras 

Appendix B. (Continued). 

Flood Shade 
tolerance tolerance 

~-Mr--Prolonged Intolerant 
flooding during 
g ro,vi ng season 
is fatal. 

Very tolerant 

Mr--Prolonged Tolerant 
flooding or 
subrergence by 
water during 
g ro,vi ng season 
wi I I k i I I young 
trees. 

Intolerant 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Oct.
Dec. by gravity, anirmls 
and water. Trees bear 
seed at about 20 years 
of age. Genninat ion 
best on rro i s t , we 11-
aerated soi I with I ight 
leaf litter. Sprouts 
fran young s tutps. 

Seeds dispersed Aug. -
Oct. by gravity, birds, 
and STBII anirmls. 
Seed I ings establish in 
shade and openings. 
Sprouts\WII fran 
stutps. 

Seeds dispersed Oct.
Dec. by an irm Is and 
birds. Trees bear seed 
as early as 10 years of 
age (opt inun 25-50 
years). Seed I ings 
establish in understory 
and openings. Sprouts 
readily fran stutps and 
roots. 

Seeds dispersed Sept. -
Oct. by gravity and 
birds. Trees about 10 
years of age (opt inun 
25-50 years) bear seed. 
Genninat ion best on 
rroist loaty soi I with 
I i tter. GrONS \WI I in 
openings. Sprouts\WII 
fran roots and stutps. 



Camon 
nare 

Sycamre 

Appendix B. (Continued). 

Flood 
tolerance 

Shade 
tolerance 

Mr--Seeds remain Mbderately 
viable in water tolerant 
for 1 rmnth. 
Seedlings cannot 
tolerate pro-
longed flooding. 

Slvalp-pr ivet T- -Viabi I i ty of Tolerant 
seed not reduced 
by prolonged 
subrergence in 
water. 

Black wa I nut wr- -Seed I i ngs Into I erant 
intolerant. 

Black wi liON T--Seedswi II Very 
genninate in intolerant 
water. 

Sandbar wi I I ON Mr- -Seed I i ngs Very 
tolerate intolerant 

VIe II. 

(Continued) 
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Reproductive 
characteristics 

Seeds dispersed Jan.
Apri I by wind, water, 
and birds to same 
extent. Trees 25 years 
of age (opt imm 50-200 
years) bear seed. 
Seed I ings establish best 
on rmist mudflats or 
other exposed mineral 
soi I. Sprouts VIe II fran 
stutps. 

Seeds dispersed June
July by water and birds. 
Genninat ion best in 
rmist mineral soi I. 
Sprouts VIe II fran 
stutps. 

Seeds dispersed Oct. -
Nov. by gravity and 
anirmls. Trees rmy bear 
seed at 8 years of age 
(opt imm30-100 years). 

Seedl ingsrminly in 
forest openings. Small 
stutps sprout VIe II. 

Seeds dispersed Apr i I -
July by wind and water. 
Trees about 10 years of 
age (opt imm 25-75 
years) bear seed. Ge nn-
inat ion best on very 

rmist, exposed mineral 
soi I. Sprouts VIe II fran 
stutps of STBII trees. 

Seeds dispersedApri 1-
May by wind and water. 
Similar to Black wi liON. 



Camon 
nCI'Te 

YeiiON-poplar 

Appendix B. (Continued). 

Flood 
tolerance 

I- -Seed I ings 
cannot 
tolerate 
flooding. 

Shade 
tolerance 

Intolerant 
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Reproductive 
characteristics 

Seeds dispersed Oct.-
IVIa rch by wind. Trees 
bear seed at about 15-20 
years of age and con
tinue to 200 years or 

more. Seedlings 
establish best on moist 
seedbeds of mineral 
soi I and survive only in 
full sunlight. Sprouts 
readily fran stutps. 



Alder, European 
Ashby et a I . 1983 

Alder, hazel 
McDenrott 1954 

Ash, Carolina 
DuBa r ry 1963 
Erwin et al. 1985 
Klawitter 1963 

Ash, green 
Anon}fl'Dus 1986 
Ashby et a I . 1980 
Baker 1977 
Baker and Broadfoot 1979 
Bonner 1964 
Bonner 1977 
Broadfoot and Krinard 1961 
DuBa r ry 1963 
Ettinger and Yuill 1982 
Gilmore and Boggess 1963 
Hansen and McComb 1955 
Hosner 1958 
Hosner 1959 
Hosner and Boyce 1962 
Hunt et al. 1976 
Johnson 1983 
Johnson and Biesterfeldt 1970 
Johnson and Price 1959 
Kennedy 1984 
Kennedy and Krinard 1974 
Kennedy et al. 1986 
Klawitter 1963 
Krinard and Johnson 1976 
Krinard and Johnson 1981 
Krinard and Kennedy 1981 
Krinard and Kennedy 1983 
Krinard and Kennedy 1987 
Limst ran 1960 
Loucks and Keen 1973 
Malac and Heeren 1979 
Nawrot and Yaich 1983 
Nelson 1957 
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Raisanen 1982 
Robertson [1985] 
Si I ker 1948 
Toliver 1986 
V\Bidrop et al. 1983 

Ash, purpk in 
Hosner and Boyce 1962 

Ash, white 
Bonner 1964 
Bonner 1977 
Stubbs 1963a 

Baldcypress 
Bates et al. 1978 
Bonner 1964 
Briscoe 1957 
Broadfoot and Krinard 1961 
Conner 1988 
Conner and Toliver 1987 
Dickson and Broyer 1972 
DuBa r ry 1963 
Erwin et al. 1985 
Ettinger and Yuill 1982 
Ha r r i s e t a I . 1985 
Howe 11 s 1986 
Johnson 1981b 
Johnson and Price 1959 
Krinard and Johnson 1976 
Leitman et al. 1983 
Loucks and Keen 1973 
Maki et al. 1980 
Nawrot and Yaich 1983 
Raisanen 1982 
Robertson [1985] 
Sharitz and Lee 1985 
Si I ker 1948 
Toliver 1986 
V\BdS\Wrth 1983 

Bay, loblolly 
Erwin et al. 1985 
Haynes and Crabill 1984 



Birch, river 
Broadfoot and Krinard 1961 
Haynes 1983 
McDenrott 1954 
Nawrot and Yaich 1983 

Blackgum 
Bedinger 1971 
Erwin et al. 1985 
Th011>son et a I. 1986 

Boxelder 
Ashby et al. 1980 
Haynes 1983 
Hosner 1958 
Hosner and Boyce 1962 
Krinard and Johnson 1976 
Loucks and Keen 1973 

Buttonbush 
DuBa r ry 1963 
Howe 11 s 1986 

Cedar, Altantic white 
Si I ker 1948 

Cherry, black 
Ashby et a I . 1980 
Bonner 1977 
Haynes 1983 
Phi 1 o 1982 
Raisanen 1982 

Chestnut, Chinese 
Richards [no date] 

Cottonwood, (eastern) 
Ashby et a I . 1980 
Baker 1977 
Baker and Broadfoot 1979 
Bonner 1964 
Bonner 1977 
Briscoe 1963 
Broadfoot and Krinard 1961 
Francis 1985 
Hansen and MbCamb 1955 
Haynes 1983 
Hosner 1957 
Hosner 1958 
Hosner 1959 
Hosner and Boyce 1962 
Howells 1986 
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Hunt et al. 1976 
Johnson 1981b 
Johnson 1983 
Johnson and Biesterfeldt 1970 
Johnson and Price 1959 
Kennedy 1984 
Kennedy and Krinard 1974 
Kennedy et al. 1986 
Krinard and Johnson 1976 
Krinard and Johnson 1981 
Krinard and Kennedy 1981 
Krinard and Kennedy 1983 
Krinard and Kennedy 1987 
Limst ran 1960 
Loucks and Keen 1973 
Maisenhelder and Heavrin 1957 
McKnight and Johnson 1966 
Nelson 1957 
Vogel 1980 
V\BdS\M>rth 1983 
V\Biker and V\Btterston 1972 

Cottonwood, narrCMtleaf 
Swenson and Mullins 1985 

Cottonwood, Rio Grande 
Swenson and Mullins 1985 

Dogwood, (flowering) 
Bonner 1977 
Haynes 1983 
Nelson 1957 
Robertson [ 1985] 

Elm, American 
Bedinger 1971 
DuBa r ry 1963 
Hansen and MbCamb 1955 
Haynes 1983 
Hosner 1957 
Hosner and Boyce 1962 
Johnson 1983 
Klawitter 1963 
McDenrott 1954 

Elm, Florida 
Robertson [ 1985] 

Elm, Siberian 
Loucks and Keen 1973 

Elm, winged 
McDenrott 1954 



Elms 
Ashby et a I. 1980 
Harris et al 1985 
Johnson 1981b 
McDenrott 1954 

Hackberry 
Ashby et al. 1980 
Baker and Broadfoot 1979 
Haynes 1983 
Hosner 1959 
Hosner and Boyce 1962 
Philo 1982 
Raisanen 1982 

Hickory, shagbark 
Bedinger 1971 
Bonner 1977 

Hickory, water 
Anon}4TDUS 1986 
Bedinger 1971 
Ettinger and Yuill 1982 
Harris et al. 1985 
Johnson 1981b 
Johnson 1983 

Holly, Dahoon 
Erwin et al. 1985 

Honey locust 
Anon}4TDUS 1986 
Loucks and Keen 1973 

Locust, black 
Ashby et a I . 1980 
Ashby et a I. 1983 
Nawrot and Yaich 1983 
Thompson et al. 1986 

Map I e, F I or ida 
Erwin et al. 1985 

Maple, red 
Ashby et a I. 1980 
Haynes and Crabill 1984 
Hosner 1957 
Hosner and Boyce 1962 
Klawitter 1963 
McDenrott 1954 
Nelson 1957 
Robertson [1985] 
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Thompson et al. 1986 

Maple, silver 
Ashby et a I. 1980 
Hansen and McComb 1955 
Haynes 1983 
Hosner 1957 
Hosner 1958 
Hosner and Boyce 1962 
Limst ran 1960 
Loucks and Keen 1973 
Nawrot and Yaich 1983 
Raisanen 1982 

Oak, black 
Philo 1982 

Oak, blackjack 
Bedinger 1971 

Oak, bur 
Loucks and Keen 1973 
Philo 1982 
Richards et al. 1982 

Oak, cherrybark 
Anon}41'Dus 1984 
Baker and Broadfoot 1979 
Bonner 1984 
Briscoe 1957 
Br i scoe 1961 
Haynes and Mbore 1987 
Hosner 1959 
Hosner and Boyce 1962 
Johnson 1979 
Kennedy 1984 
Kennedy and Krinard 1985 
Kennedy et al. 1986 
Lotti 1959 
Nelson 1957 
Stubbs 1963a 
Toliver 1986 

Oak, chestnut 
Philo 1982 
Richards et al. 1982 

Oak, laurel 
Br i scoe 1957 
Erwin et al. 1985 
Haynes and Crabill 1984 
Klawitter 1963 



Larsen 1963 
Malac and Heeren 1979 
IVbore 1950 
WldSM> r t h 1983 

Oak, I ive 
Erwin et al. 1985 
Kaszkurewi cz and Burns 1960 
IVbore 1950 
Robertson [1985] 

Oak, northern red 
Anderson et al. 1983 
Br i scoe 1957 
Philo 1982 
Raisanen 1982 
Richards et al. 1982 

Oak, Nutta 11 
Anon}fTDlls 1986 
Baker and Broadfoot 1979 
Bedinger 1971 
Bonner 1966 
Briscoe 1961 
Ha r r is e t a I . 1985 
Haynes and IVbore 1987 
Johnson 1979 
Johnson 198la 
Johnson 1983 
Johnson and Biesterfeldt 1970 
Johnson and Kr ina rd 1985a 
Johnson and Kr ina rd 1985b 
Johnson and Kr ina rd 1987 
Johnson and Pr ice 1959 
Kaszkurewi cz and Burns 1960 
Kennedy 1984 
Kennedy and Kr ina rd 197 4 
Kennedy and Kr ina rd 1985 
Kennedy et al. 1986 
Krinard and Kennedy 1981 
Krinard and Kennedy 1983 
Krinard and Kennedy 1987 

Oak, overcup 
Bedinger 1971 
Ettinger and Yui II 1982 
Ha r r is e t a I . 1985 
Johnson 198lb 
Larsen 1963 

Oak, pin 
Ashby et a I. 1980 
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Haynes 1983 
Hosner 1959 

EPA-RS-20 17-0081491 NT_ 0000439 

Hosner and Boyce 1962 
NaNrot and Yaich 1983 
Philo 1982 
Raisanen 1982 
Richards et a I . 1982 

Oak, saM:ooth 
Richards et al. 1982 

Oak, shingle 
Ashby et a I. 1980 
Haynes 1983 
Philo 1982 

Oak, Shumrd 
Baker and Broadfoot 1979 
Ettinger and Yui II 1982 
Hosner and Boyce 1962 
Kennedy and Krinard 1974 
Kennedy and Kr i nard 1985 
Krinard and Johnson 1981 
Lotti 1959 
Philo 1982 
Stubbs 1963a 
Stubbs 1963b 

Oak, southern red 
Bedinger 1971 
Broadfoot and Krinard 1961 
Larsen 1963 
Nelson 1957 

Oak, swcnp chestnut 
Baker and Broadfoot 1979 
Broadfoot and Krinard 1961 
Kaszkurewi cz and Burns 1960 
Kennedy et a I. 1986 
Kr ina rd and Johnson 1981 
Lotti 1959 
Se i fer t e t a I . 1985 
Stubbs 1963a 

Oak, swcnp VIlli te 
NaNrot and Yaich 1983 

Oak, water 
Anon}fTDlls 1984 
Baker and Broadfoot 1979 
Bonner 1984 
Br i scoe 1957 



Broadfoot and Krinard 1961 
Ettinger and Yuill 1982 
Haynes and Crabill 1984 
Haynes and Mbore 1987 
Johnson 1979 
Johnson 1981b 
Johnson and Krinard 1985a 
Kaszkurewicz and Burns 1960 
Kennedy 1984 
Kennedy and Krinard 1985 
Kennedy et al. 1986 
Malac and Heeren 1979 
Nelson 1957 
Si I ker 1948 
Toliver et al. 1980 

Oak, white 
Bonner 1984 
Broadfoot and Krinard 1961 

Oak, wi IICMt 
Anonyrrous 1984 
Anonyrrous 1986 
Baker and Broadfoot 1979 
Bedinger 1971 
Broadfoot and Krinard 1961 
Ettinger and Yuill 1982 
Harris et al. 1985 
Haynes and Mbore 1987 
Hosner and Boyce 1962 
Johnson and Biesterfeldt 1970 
Larsen 1963 
Si I ker 1948 
Toliver et al. 1980 

Oaks 
Anonyrrous 1986 
Ashby et a I . 1980 
Bonner 1964 
Bonner 1984 
Bonner and Yozzo 1985 
Richards [no date] 
~lker and ~tterston 1972 

Oaks, red 
Bonner 1977 
Bonner 1986 
Bonner and Vozzo 1985 
Hunt et al. 1976 
Johnson 1981b 
Johnson and Krinard 1985b 
Lotti 1959 
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Oaks, water 
Bonner 1984 
Johnson 1981b 

Oaks, white 
Bonner 1977 
Bonner 1986 
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Bonner and Vozzo 1985 
Johnson 1981b 
Johnson and Krinard 1985b 
Lotti 1959 

01 i ve, autUlll 
Ashby et a I. 1983 

Pecan 
Anonyrrous 1986 
Baker and Broadfoot 1979 
Ettinger and Yuill 1982 
Ha r r i s e t a I . 1985 
Haynes and Mbore 1987 
Johnson 1981b 
Kennedy 1984 
Krinard and Johnson 1981 
Krinard and Kennedy 1987 
Loucks and Keen 1973 
Toliver 1986 
Toliver et al. 1980 

Persimmon, (common) 
Anonyrrous 1986 
Harris et al. 1985 
Haynes 1983 
Johnson 1983 
Krinard and Johnson 1976 
Nawrot and Yaich 1983 
Phi 1 o 1982 

Pine, loblolly 
Briscoe 1957 
Gilmore and Boggess 1963 

Pine, red 
Gilmore and Boggess 1963 

Pine, sand 
~dS\Wrth 1983 

Pine, shortleaf 
Gilmore and Boggess 1963 



Pine, slash 
Briscoe 1957 
Robertson [1985] 
WldSM>rth 1983 

Pine, spruce 
Stubbs 1963b 

Pine, Vlhi te 
Gilmore and Boggess 1963 

Pines 
Ashby et a I. 1980 
Vogel 1980 

Privet, SVIIC.ITp 
Howells 1986 

Red bay 
Erwin et al. 1985 

Sassafras 
Ashby et a I. 1980 
Haynes 1983 

Sourwood 
Tharpson e t a I . 1986 

Sugarberry 
Anon}tl'DUS 1986 
Baker and Broadfoot 1979 
Bedinger 1971 
Bonner 1977 
Harris et al. 1985 
Hosner and Boyce 1962 
Howe 11 s 1986 
Hunt et a I. 1976 
Johnson 1981b 
Johnson 1983 
Kr ina rd and Johnson 1976 
Kr i nard and Johnson 1981 

Sweet bay 
Erwin et al. 1985 
Robertson [1985] 

Sweetgum 
Ashby et a I. 1980 
Baker 1977 
Baker and Broadfoot 1979 
Bedinger 1971 
Bonner 1964 
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Bonner 1966 
Bonner 1977 
Briscoe 1957 
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Broadfoot and Kr inard 1961 
Olear ry 1963 
Hosner 1958 
Hosner and Boyce 1962 
Johnson 1981b 
Johnson 1983 
Johnson and Biesterfeldt 1970 
Johnson and Pr ice 1959 
Kaszkurewi cz and Burns 1960 
Kennedy 1984 
Kennedy and Krinard 1974 
Kennedy et a I. 1986 
KlctNi tter 1963 
Krinard and Kennedy 1981 
Krinard and Kennedy 1983 
Krinard and Kennedy 1987 
Malac and Heeren 1979 
Nelson 1957 
Raisanen 1982 
Robertson [1985] 
Si lker 1948 
Stubbs 1963a 
Stubbs 1963b 
Toliver 1986 
Wll drop et a I. 1983 
Wilker and Wltterston 1972 

Sycamore, (American) 
Ashby et a I. 1980 
Baker 1977 
Baker and Broadfoot 1979 
Bonner 1964 
Bonner 1966 
Bonner 1977 
Bonner 1986 
Briscoe 1963 
Olear ry 1963 
Erwin et al. 1985 
Gilmore and Boggess 1963 
Haynes 1983 
Hosner 1957 
Hosner 1959 
Hosner and Boyce 1962 
Hunt et al. 1976 
Johnson 1981b 
Johnson and Biesterfeldt 1970 
Johnson and Pr ice 1959 
Kennedy 1984 
Kennedy and Kr i nard 1974 



Kennedy et al. 1986 
Krinard and Johnson 1981 
Krinard and Kennedy 1981 
Krinard and Kennedy 1983 
Krinard and Kennedy 1987 
Limst ran 1960 
Malac and Heeren 1979 
McDenrott 1954 
Nawrot and Yaich 1983 
Nelson 1957 
Raisanen 1982 
Si I ker 1948 
Thompson et al. 1986 
Toliver 1986 
Vogel 1980 
V\BdS\M>rth 1983 
V\Bidrop et al. 1983 
V\Biker andV\Btterston 1972 

Tupelo, SWCilll 
Briscoe 1957 
DuBa r ry 1963 
Klawitter 1963 
Maki et al. 1980 

Tupelo, water 
Baker 1977 
Bonner 1964 
Bonner 1977 
Br i scoe 1957 
Broadfoot and Krinard 1961 
Dickson and Broyer 1972 
DuBa r ry 1963 
Hosner and Boyce 1962 
Howells 1986 
Johnson 1981b 
Klawitter 1963 
Maki et al. 1980 
Sharitz and Lee 1985 
Si I ker 1948 
V\Biker andV\Btterson 1972 

Tupelos 
Leitman et al. 1983 
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V\B I nut, black 
Anderson et al. 1983 
Ashby et al. 1980 
Bonner 1964 
Loucks and Keen 1973 
Philo 1982 
Raisanen 1982 
Richards [no date] 

Wi II ON, (black) 
Briscoe 1957 
Briscoe 1963 
Harris et al. 1985 
Haynes 1983 
Hosner 1957 
Hosner 1958 
Hosner and Boyce 1962 
Howells 1986 
Johnson 1981b 
Krinard and Johnson 1976 
Maisenhelder and Heavrin 1957 
Malac and Heeren 1979 
Rushton 1983 
V\Biker and V\Btterston 1972 

VVi I ION, Goodding 
Swenson and Mullins 1985 

Yell ON-poplar 
Ashby et al. 1980 
Baker and Broadfoot 1979 
Bonner 1964 
Bonner 1977 
Bonner 1986 
Broadfoot and Krinard 1961 
Gilmore and Boggess 1963 
Johnson and Biesterfeldt 1970 
Kaszkurewicz and Burns 1960 
Kennedy 1984 
Kennedy and Krinard 1974 
Nelson 1957 
Stubbs 1963a 
Thompson et al. 1986 
V\B I ker and V\Btterson 1972 
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SUBJECT INDEX 

Aqricultural land reforestation 
-Anon}41'Dus 1984 
Bonner 1964 
Broadfoot and Krinard 1961 
Francis 1985 
Gilmore and Boggess 1963 
Hansen and McComb 1955 
Harris et al. 1985 
Johnson 1979 
Johnson and Krinard 1985a 
Johnson and Krinard 1985b 
Johnson and Krinard 1987 
Kaszkurewicz and Burns 1960 
Toliver 1986 

V\B I drop et a I. 1983 

Alabana 
Hunt et al. 1976 

Arkansas 
Bedinger 1971 
Kennedy et al. 1986 

Beaver 
Bates et al. 1978 
Krinard and Johnson 1981 
Swenson and Mullins 1985 

V\B I ker and V\Btterston 1972 

Bedding 
l'vbore 1950 
Seifert et al. 1985 

Channe I i za t ion 
Maki et al. 1980 

Clay-settling ponds 
Rushton 1983 

costs 
All en and Kl imas 1986 
Haynes and Crabill 1984 

97 

Johnson and Krinard 1987 
McElwee 1965 

Cuttings 
AI I en and Kl imas 1986 
Baker 1977 
Bonner 1964 
Broadfoot and Krinard 1961 
Briscoe 1963 
Kennedy 1984 
Kennedy and Krinard 1974 
Maisenhelder and Heavrin 1957 
Nelson 1957 
Swenson and Mullins 1985 

Deer 
Haynes and l'vbore 1987 
Hunt et a I. 1976 
Maisenhelder and Heavrin 1957 

Direct seeding 
Anon}41'Dus 1984 
Anon}41'Dus 1986 
Bonner 1964 
Clewell 1983 
Finn 1958 
Ha r r i s e t a I . 1985 
Haynes and l'vbore 1987 
Johnson 1979 
Johnson 1981a 
Johnson 1983 
Johnson and Krinard 1985a 
Johnson and Krinard 1985b 
Johnson and Krinard 1987 
Kennedy and Krinard 1974 
McElwee 1965 
Philo 1982 
Richards [no date] 
Richards et al. 1982 
V\BdS\Wrth 1983 

Disking 
Anderson et al. 1983 



Bonner 1964 
Johnson 1979 
Johnson and Kr ina rd 1985b 
Johnson and Kr ina rd 1987 
Kennedy 1984 
Kennedy and Kr ina rd 1985 
Krinard and Kennedy 1981 
Krinard and Kennedy 1983 
Krinard and Kennedy 1987 
Ma I ac and Heeren 1979 
Seifert et al. 1985 
Toliver 1986 
Wlldrop et al. 1983 

Drought tolerance 
Kaszkurewi cz and Burns 1960 

Fert i I izat ion 
AI I en and Kl irms 1986 
Anderson et al. 1983 
Dickson and Broyer 1972 
Francis 1985 
Gilmore and Boggess 1963 
Ma I ac and Heeren 1979 
Raisanen 1982 
Robertson [1985] 
Wlldrop et al. 1983 

Flood tolerance 
AI I en and Kl irms 1986 
Baker 1977 
Bates et al. 1978 
Bedinger 1971 
Bonner 1964 
Briscoe 1957 
Briscoe 1961 
Conner 1988 
Dickson and Broyer 1972 
Haynes and 1\tbore 1987 
Hosner 1957 
Hosner 1958 
Hosner 1959 
Hosner and Boyce 1962 
Johnson and Kr ina rd 1985b 
Johnson and Kr i nard 1987 
Kennedy 1984 
Kennedy and Kr i nard 1974 
KlctNi tter 1963 
Krinard and Johnson 1981 
Larsen 1963 
Lei trmn et al. 1983 
Loucks and Keen 1973 
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Maki et al. 1980 
IVt:De nm tt 1954 
Si lker 1948 
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Wilker and Wltterston 1972 

Florida 
Cle~~ell 1981 
Cle~~ell 1983 
Erwin et al. 1985 
Fletcher 1986 
Gi I bert et al. 1981 
Haynes and Crabi 11 1984 
Lei trmn et al. 1983 
1\tbore 1950 
Robertson [1985] 
Ruesch 1983 
Rushton 1983 
U.S. Bureau of Land 

Managaren t 1983 
WldSM>rth 1983 

Georgia 
Briscoe 1957 
Nelson 1957 

Genninat ion 
AnOO}fTDUS 1984 
AnOO}fTDUS 1986 
Bonner 1984 
Briscoe 1961 
Cle~~ell 1983 
DuBarry 1963 
Hosner 1957 
Johnson 1981a 
Johnson 1983 
Johnson and Kr ina rd 1985a 
Johnson and Kr ina rd 1985b 
Larsen 1963 

Herbicides 
Anderson et al. 1983 
Fung 1986 
Johnson and Kr ina rd 1987 
Raisanen 1982 
Richards et al. 1982 
Schrand and Hoi t 1983 
Toliver 1986 
Vogel 1980 
Wmger 1984 

Illinois 
Gilmore and Boggess 1963 



Haynes 1983 
Hosner and Boyce 1962 
Lim;t ran 1963 
Namot and Yaich 1983 
Philo 1982 
Raisanen 1982 

Indiana 
Anderson et al. 1983 
Lim; t ran 1963 
Namot and Yaich 1983 

Invader species 
Anon}fl'Dus 1986 
Ashby et a I. 1980 
Gi I bert et a I. 1981 
Haynes 1983 
Haynes and Crabill 1984 
Johnson 1983 
Kaszkurewi cz and Burns 1960 
Kr i nard and Johnson 1976 
lhmpson e t a I . 1986 

lOllS 
Hansen and McComb 1955 
Lim;t ran 1963 

Kansas 
Loucks and Keen 1973 

Kentucky 
Lim; t ran 1963 
Rafai II and Vogel 1978 
Richards et al. 1982 
lhatpson e t a I . 1986 
Vogel 1973 

Louisiana 
Briscoe 1963 
Conner 1988 
Conner and Toliver 1987 
Ettinger and Yuill 1982 
Ha r r i s e t a I . 1985 
Kaszkurewi cz and Burns 1960 
Toliver 1986 

Mississippi 
AnOO}fTDUS 1984 
Anon}fl'DUS 1986 
Baker 1977 
Bonner 1984 
Broadfoot and Krinard 1961 
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Johnson 1979 
Johnson 1981a 
Johnson 1983 
Johnson and Kr ina rd 1985a 
Johnson and Kr ina rd 1985b 
Johnson and Price 1959 
Kennedy 1984 
Kennedy and Kr ina rd 1985 
Kr ina rd and Johnson 1976 
Krinard and Johnson 1981 
Krinard and Kennedy 1983 
Krinard and Kennedy 1987 

Missouri 
Lim; t ran 1963 

1\tbn i tori ng 
AI I en and Kl irms 1986 
AnOO}fTDUS 1984 
Gi I bert et al. 1981 
Ha r r i s e t a I . 1985 
Haynes and Crabill 1984 
Howe 11 s 1986 
Johnson 1981a 
Mlki et al. 1980 
Robertson [1985] 
Ruesch 1983 
WldSM>rth 1983 

M.Jiching 
Clev.ell 1981 
Clev.ell 1983 
Haynes and Crabi 11 1984 
Richards et al. 1982 
Robertson [1985] 
Vogel 1981 

Natural regeneration 
Clev.ell 1981 
Clev.ell 1983 
Conner 1988 
Gilbert et al. 1981 
Ha r r i s e t a I . 1985 
Haynes 1983 
Haynes and Crabi 11 1984 
Haynes and 1\tbore 1987 
Hunt et al. 1976 
Johnson 1979 
Johnson 1981 b 
Johnson 1983 
Johnson and Biesterfeldt 1970 
Lim;t ran 1960 



Kellison et al. 1981 
Maisenhelderand Heavrin 1957 
Maki et al. 1980 
Rushton 1983 
Shari tz and Lee 1985 
Stubbs 1963b 
Thmpson e t a I . 1986 
Wmger 1984 

Nitrogen-fixing trees 
Ashby et a I. 1983 

North Carol ina 
Maki et al. 1980 

Nutria 
Conner 1988 
Conner and Toliver 1987 

Olio 

pH 

Finn 1958 
Lim; t ran 1963 

Ashby et a I. 1980 
Baker and Broadfoot 1979 
Johnson 1979 
Kaszkurewi cz and Burns 1960 
Kennedy 1984 
Kennedy and Kr ina rd 1985 
KlctNi tter 1963 
Kr i nard and Kennedy 1983 
Wlldrop et al. 1983 

Planning 
AI I en and Kl irms 1986 
Baker and Broadfoot 1979 
Bonner 1964 
Broadfoot 1976 
Cle,wll 1981 
Cle,wll 1983 
Ettinger and Yui II 1982 
Fletcher 1986 
Haynes and Crabi 11 1984 
Howells 1986 
Johnson and Biesterfeldt 1970 
Johnson and Kr i nard 1987 
Kellison et al. 1981 
Lim; t ran 1960 
Lim; t ran 1963 
Maisenhelder and Heavrin 1957 
IVtKn i gh t and Johnson 1966 
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